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Part Numbering System 


uPD72001L 


pP 

D 
72001 
L 


Typical microdevice part number 


NEC monolithic silicon integrated circuit 
Device type (D = digital MOS) 

Device identifier (alphanumeric) 
Package type (L = PLCC) 


A part number may include an alphanumeric suffix that 
identifies special device characteristics; for example, 
pPD72001L-11 has an 11-MHz data clock rating. 
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4-Bit, Single-Chip CMOS Microcomputers 























Device, Clock Supply . ROM RAM 
HPD Features (MHz) Voltage (V) (X8) (X4) Vo # Package Pins 
7502 LCD controller/driver 0.41 2.5 to 6.0 2K 128 23 QFP 64 
7503 LCD controller/driver 0.41 2.5 to 6.0 4K 224 23 QFP 64 
7507 General-purpose 0.41 2.5 to 6.0 2K 128 32 DIP 40 
SDIP 40 
QFP 52 
7507H General-purpose 4.19 2.7 to 6.0 2K 128 32 DIP 40 
SDIP 40 
QFP 52 
7508 General-purpose 0.41 2.5 to 6.0 4K 224 32 DIP 40 
SDIP 40 
QFP 52 
7508H General-purpose 419 - 2.7 to 6.0 4K 224 32 DIP 40 
SDIP 40 
QFP 52 
75CG08 Piggyback EPROM 0.41 4.5 to 5.5 2K or 4K 224 32 Ceramic DIP 40 
75CGO8H Piggyback EPROM 4.19 45 to5.5 2K or 4K 224 32 Ceramic DIP 40 
7527A FIP controller/driver 0.61 2.7 to 6.0 2K 128 35 DIP 42 
SDIP 42 
7528A FIP controller/driver 0.61 2.7 to 6.0 4K 160 35 DIP 42 
SDIP 42 
750G28 Piggyback EPROM; 0.5 4505.5 4K 160 35 Ceramic DIP 42 
FIP controller/driver 
7533 A/D converter 05 2.7 to 6.0 4K 160 30 DIP 42 
SDIP 42 
QFP 44 
75CG33 Piggyback EPROM; 05 451055 4K 160 30 Ceramic DIP 42 
A/D converter 
7537A FIP controller/driver 0.61 2.7 to 6.0 2K 128 35 DIP 42 
SDIP 42 
7538A FIP controller/driver 0.61 2.7 to 6.0 4K 160 35 DIP 42 
SDIP . 42 
75C0G38 Piggyback EPROM; 0.61 4505.5 4K 160 35 Ceramic DIP 42 
FIP controller/driver : 
7554 Serial 1/0; external clock 0.71 2.5 to 6.0 1K 64 16 SDIP 20 
or RC oscillator SOP - 20 
7554A Serial 1/0; external clock 0.71 2.0 to 6.0 1K 64 16 SDIP 20 
or RC oscillator SOP 20 
75P54 Serial 1/0; external clock 0.71 45 to 6.0 1K 64 16 SDIP 20 
or RC oscillator OTPROM SOP 20 
7564/7564A Serial 1/0; ceramic oscillator 0.71 2.7 to 6.0 1K 64 15 SDIP 20 
SOP 20 
75P64 Serial I/0; ceramic oscillator 0.71 45 to 6.0 1K 64 15 SDIP 20 
OTPROM j SOP 20 
7556 Comparator; external 0.71 2.5 to 6.0 1K 64 20 SDIP 24 
clock or RC oscillator sop 24 
7556A Comparator; external 0.71 2.0 to 6.0 1K 64 20 SDIP 24 
clock or RC oscillator soP 24 
75P56 Comparator; external 0.71 4.5 to 6.0 1K 64 20 SDIP 24 
clock or RC oscillator OTPROM SOP 24 
7566/7566A Comparator; ceramic oscillator 071 2.7 to 6.0 1K 64 19 SDIP a 
SOP 
75P66 Comparator; ceramic oscillator 0.71 45 to 6.0 1K 64 19 | SDIP 24 
OTPROM SOP 24 
75004 General-purpose 4.19 2.7 to 6.0 4K 512 34 SDIP 42 
QFP 44 





# Plastic unless ceramic (or cerdip) is specified. 
* Under development; consult Microcontroller Marketing for availability. 
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4-Bit, Single-Chip CMOS Microcomputers (cont) 




















Device, Clock Supply ROM RAM 
HPD . ' . Features (MHz) Voitage (V) (X8) (X4) vo # Package Pins 
75006 General-purpose , 4.19 2.7 to 6.0 6K 512 34 -SDIP 42 
QFP 44 
75008 General-purpose 4.19 2.7 to 6.0 8K _ 512 34 —SDIP 42 
QFP 44 
75P008 General-purpose 4.19 45to55 8K 512 34 SDIP 42 
Sa OO ee he 
75028 * A/D converter 4.19 2.7 to 6.0 8K 512 48 SDIP 64 
QFP 64 
75P036 * A/D converter 4.19 2.7 to 6.0 16K 1024 48 SDIP 64 
QFP 64 
75048 * A/D converter; 1K x 4 EEPROM 4.19 2.7 to 6.0 8K 512 48 SDIP 64 
QFP 64 
75P056 * A/D converter; 1K x 4 EEPROM 4.19 2.7 to 6.0 16K 512 48 SDIP 64 
QFP 64 
75104 High-end with 8-bit instruction 4.19 2.7 to 6.0 4K 320 58 SDIP 64 
QFP 64 
75104A High-end with 8-bit instruction 4.19: 2.7 to 6.0 4K 320 58 QFP 64 
75106 High-end with 8-bit instruction 4.19 2.7 to 6.0 6K 320 58 SDIP 64 
QFP 64 
75108 High-end with 8-bit instruction 4.19 2.7 to 6.0 8K 512 58 SDIP 64 
QFP 64 
75108A High-end with 8-bit instruction 4.19 2.7 to 6.0 8K 512 58 QFP 64 
QFP 64 
75P108 High-end with 8-bit instruction; 4.19 45 to55 8K 512 58 SDIP 64 
on-chip OTPROM or UVEPROM QFP 64 
: Shrink cerdip 64 
75P108B High-end with 8-bit instruction; 419 | 2.7 to 6.0 8K 512 58 SDIP 64 
on-chip OTPROM QFP 64 
75112 High-end with 8-bit instruction 4.19 2.7 to 6.0 12K 512 58 SDIP 64 
QFP 64 
75116 : High-end with 8-bit instruction 4.19 2.7 to 6.0 16K 512 58 SDIP 64 
QFP 64 
75P116 High-end with 8-bit instruction 4.19 4.5 to 5.5 16K 512 58 SDIP 64 
on-chip OTPROM OTPROM QFP 64 
75206 FIP controller/driver 4.19 2.7 to 6.0 6K 369 33 SDIP 64 
QFP 64 
75208 FIP controller/driver 4.19 2.7 to 6.0 8K 497 33 SDIP 64 
QFP 64 
75CG208 FIP controller/driver, 4.19 45to5.5 8K 512 33 Ceramic SDIP 64 
piggyback EPROM Ceramic QFP 64 
75212A FIP controller/driver 4.19 2.7 to 6.0 12K — 512 33 SDIP 64 
OFP. 64 
-75216A FIP controller/driver 4.19 2.7 to 6.0 16K 512 33 SDIP 64 
QFP 64 
75CG216A FIP controller/driver; 4.19 45 to5.5 16K 512 33 Ceramic SDIP 64 
piggyback EPROM Ceramic QFP 64 
75P216A FIP controller/driver 4.19 4.5 to 5.5 16K 512 33 SDIP 64 
QOTPROM 
75268 FIP controller/driver 4.19 2.7 to 6.0 8K 512 32 SDIP 64 
; OFP 64 
75304 LCD controller/driver 4.19 2.7 to 6.0 4K 512 40 QFP 80 
75306 LCD controller/driver 4.19 2.7 to 6.0 6K 512 40 QFP 80 
75308 LCD controller/driver 4.19 2.7 to 6.0 _ 8K 512 40 QFP 80 
75P308 LCD controller/driver; 4.19 4.75 to 5.25 8K 512 40 QFP 80 
on-chip OTPROM or UVEPROM Ceramic LCC 80 


N; fx Cc Single-Chip 


4-Bit, Single-Chip CMOS Microcomputers (cont) 











Device, Clock Supply ROM RAM 
pPD Features (MHz) Voltage (V) (X8) (X4) vo # Package Pins 
75312 LCD controller/driver 4.19 2.7 to 6.0 12K 512 40 QFP 80 
75316 LCD controller/driver 4.19 2.7 to 6.0 16K 512 40 QFP 80 
75P316 LCD controller/driver; 4.19 4.75 to 5.25 16K 512 40 QFP 80 
on-chip OTPROM OTPROM 
75P316A * LCD controller/driver; 4.19 2.7 to 6.0 16K 512 40 QFP 80 
on-chip OTPROM or UVEPROM OTPROM Ceramic LCC 80 
75328 LCD controller/driver; 4.19 2.7 to 6.0 8K 512 44 QFP 80 
A/D converter 
75P328 LCD controller/driver; 4.19 45 to55 8K 512 44 QFP 80 
A/D converter OTPROM 
75402A Low-end 4.19 2.7 to 6.0 2K 64 22 DIP 28 
SDIP 28 
QFP 44 
75P402 Low-end 4.19 4.5 to 5.5 2K 64 22 DIP 28 
OTPROM SDIP 28 
QFP 44 
75512 High-end; A/D converter 4.19 2.7 to 6.0 12K 512 64 | QFP 80 
75516 High-end; A/D converter 4.19 2.7 to 6.0 16K 512 64 QFP 80 
75P516 High-end; A/D converter 4.19 4.75 to 5.5 16K 512 64 QFP 80 
OTPROM Ceramic LCC 80 





8-Bit, Single-Chip CMOS Microcomputers 











Device, Clock Supply ROM RAM 
PD Features (MHz) Voltage(V) (X8) (X8) vO # Package Pins 
78010/78C10A CMOS; A/D converter 15 45 to5.5 External 256 32 ~—sQUIP 64 
SDIP 64 
QFP 64 
PLCG 68 
78C11/78C11A CMOS; A/D converter 15 45 to55 4K 256 44 QuIP 64 
SDIP 64 
QFP 64 
PLCG 68 
78C12A CMOS; A/D converter 15 45to55 8K 256 44 QUIP 64 
SDIP 64 
QFP 64 
PLCC 68 
78014/78C14A CMOS; A/D converter 15 45 to5.5 16K 256 44 QuiP 64 
SDIP 64 
QFP 64 
PLCG 68 
78CP14 CMOS; A/D converter 15 4.75 to 5.25 16K 256 44 QuIP 64 
OTPROM SDIP 64 
QFP 64 
PLCC 68 
16K 256 44 Ceramic QUIP 64 
UVEPROM Shrink cerdip 64 
780G14 CMOS; A/D converter; 15 45 to5.5 4K, 8K or 256 44 Ceramic QUIP 64 
piggyback EPROM 16K 
78213 CMOS; A/D converter; 12 4505.5 External 512 54 SDIP 64 
advanced peripherals QUIP 64 
QFP 74 
PLCG 68 
78214 CMOS; A/D converter; 12 45 to55 16K 512 54. SDIP 64 
advanced peripherals QUIP 64 
QFP 74 
PLCC 68 


a 
1 
Oo 
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8-Bit, Single-Chip NMOS/CMOS Microcomputers (cont) 
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Device, Clock Supply ROM RAM 
pPD Features : ’ (MHz) ~~ Voltage (V) = (X8) (X8) vO # Package _ Pins 
78P214 CMOS; A/D converter; 12 45to55 16K ~ 512 54 SDIP 64 
advanced peripherals OTPROM . QUIP 64 
QFP 74 
PLCC 68 
16K 512 54 Shrink cerdip 64 
UVEPROM 
78220 CMOS; analog comparator; 12 45 to5.5 External 640 71 PLCC 84 
large 1/0 QFP 94 
78224 CMOS; analog comparator; 12 451055 16K 640 71 PLCC 84 
large 1/0 OFP 04 
78P224 CMOS; analog comparator; 12 45 to5.5 16K 640 71 PLCC 84 
large 1/0 OTPROM QFP 94 
78233 CMOS; real-time outputs; 12 45 to5.5 External 640 64 QFP 80 
A/D and D/A converters QFP 94 . 
PLCC 84 
78234 CMOS; real-time outputs; 12 45 to 5.5 16K 640 64 QFP 80 
A/D and D/A converters QFP 94 
PLCC 84 
78P238 CMOS; real-time outputs; 12 451055 32K 640 64 QFP 80 
- A/D and D/A converters OTPROM QFP 94 
PLCG 84 
32K 640 64 Ceramic LCC 94 
UVEPROM 


8/16-Bit, Single-Chip CMOS Microcomputers 








Device, Clock Supply ROM RAM 

PD Features (MHz) Voltage(V)  (X8) (X8) vO # Package Pins 

78310A Real-time motor control 12 4505.5 External 256 48 SDIP 64 

QUIP 64 

QFP 64 

PLCC 68 

78312A Real-time motor control 12 45to55 8K 256 48 SDIP 64 

QUIP 64 

QFP 64 

PLCC 68 

78P312A Real-time motor control 12 4.5 to 5.5 8K 256 48 Shrink cerdip 64 

UVEPROM Ceramic QUIP 64 

8K 256 48 SDIP 64 

OTPROM QUIP 64 

QFP 64 

; PLCC 68 

78320 High-end; advanced analog 16 4.5 to 5.5 External 640 55 QFP 64 

and digital peripherals PLCC 68 

78322 High-end; advanced analog 16° 45 to 5.5 16K 640 55 QFP 64 

and digital peripherals PLCC 68 

78P322 High-end; advanced analog 16 45 to 55 16K 640 55 PLCC . 68 

and digital peripherals OTPROM QFP 74 

. 16K 640 55. ~ Ceramic LCC 68 

UVEPROM Ceramic LCC 74 

71P301 Port and memory extender - 4.5 to 5.5 16K 1K 16 PLCC 44 

used with 7832X microcomputer OTPROM QFP 64 

family; UVEPROM or OTPROM QuiP 64 

16K 1K 16 . Ceramic LOC 44 

UVEPROM Ceramic LCC 64 

Ceramic QUIP 64 


—- 
( 
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uPD75XX Series Development Tools Selection Guide 























System PG-1500 Absolute 

Part Number Add-on Evaluation EPROM/OTP Adapter Assembler 
(Note 1) Emulator* Board* Board Device (Note 2) (Note 3) 
pPD7502G-12 EVAKIT-7500B EV7514 SE-7514A — — ASM75 
pPD7503G-12 EVAKIT-7500B EV7514 SE-7514A — — ASM75 
pPD7507C EVAKIT-7500B _ — pPD78CGO8E _ ASM75 
pPD7507CU EVAKIT-7500B — = — — ASM75 
pPD7507G-00 EVAKIT-7500B _— — — — ASM75 
pPD7507HC EVAKIT-7500B EV7508H — pPD75CGO8HE — ASM75 
pPD7507HCU EVAKIT-7500B EV7508H — — — ASM75 
pPD7507HG-22 EVAKIT-7500B EV7508H — — — ASM75 
pPD7508C EVAKIT-7500B — _ pPD78CGO8E — ASM75 
uPD7508CU EVAKIT-7500B _— _— _— — ASM75 
uPD7508G-00 EVAKIT-7500B — — — — ASM75 
pPD75CGO8E EVAKIT-7500B _— _ — — ASM75 
LPD7508HC EVAKIT-7500B EV7508H — pPD78CGO8HE _ ASM75 
pPD7508HCU EVAKIT-75008 EV7508H — — — ASM75 
pPD7508HG-22 EVAKIT-7500B EV7508H — —_ — ASM75 
yPD75CGO8HE EVAKIT-7500B EV7508H _ — — ASM75 
pPD7527AC EVAKIT-7500B EV7528 _ pPD78CG28E — — ASM75 
yPD7527ACU EVAKIT-7500B EV7528 _ — — ASM75 
pPD7528AC EVAKIT-7500B EV7528 _— pPD78CG28E — ASM75 
pPD7528ACU EVAKIT-7500B EV7528 _ — — ASM75 
uPD75CG28E EVAKIT-7500B EV7528 — — —_ ASM75 
uPD7533C EVAKIT-7500B EV7533 — pPD75CG33E — ASM75 
pPD7533CU EVAKIT-7500B EV7533 _ — — ASM75 
pPD7533G-22 EVAKIT-7500B EV7533 — — —_ ASM75 
uPD75CG33E EVAKIT-7500B EV7533 —_— — —_ ASM75 
pPD7537AC EVAKIT-7500B EV7528 _— pPD75CG38E _ ASM75 
pPD7537ACU EVAKIT-7500B EV7528 — — —_ ASM75 
pPD7538AC EVAKIT-7500B EV7528 _ pPD75CG38E —_ ASM75 
HPD7538ACU EVAKIT-7500B EV7528 _— — _— ASM75 
pPD75CG38E EVAKIT-7500B EV7528 — — _— ASM75 
pPD7554CS EVAKIT-7500B EV7554A SE-7554A pPD75P54CS PA-75P54CS ASM75 
pPD7554G EVAKIT-7500B EV7554A SE-7554A pPD75P54G PA-75P54CS ASM75 
pPD7554ACS EVAKIT-7500B EV7554A SE-7554A pPD75P54CS PA-75P54CS ASM75 
yPD7554AG EVAKIT-7500B EV7554A SE-7554A pPD75P54G PA-75P54CS ASM75 
uPD75P54CS EVAKIT-7500B EV7554A _ — — ASM75 
pPD75P54G EVAKIT-7500B EV7554A _ — — ASM75 
pPD7556CS EVAKIT-7500B EV7554A SE-7554A pPD75P56CS PA-75P56CS ASM75 
pPD7556G EVAKIT-7500B EV7554A SE-7554A pPD75P56G PA-75P56CS ASM75 
uPD7556ACS EVAKIT-7500B EV7554A SE-7554A pPD75P56CS PA-75P56CS ASM75 
yPD7556AG EVAKIT-7500B EV7554A SE-7554A pPD75P56G PA-75P56CS ASM75 
uPD75P56CS EVAKIT-7500B EV7554A —_ — — ASM75 
uPD75P56G EVAKIT-7500B EV7554A _ — —_ ASM75 
pPD7564CS EVAKIT-7500B EV7554A SE-7554A pPD75P64CS PA-75P54CS ASM75 
pPD7564G EVAKIT-7500B EV7554A SE-7554A pPD75P64G PA-75P54CS ASM75 
uPD7564ACS EVAKIT-7500B EV7554A SE-7554A pPD75P64CS PA-75P54CS ASM75 
pPD7564AG EVAKIT-7500B EV7554A SE-7554A pPD75P64G PA-75P54CS ASM75 
pPD75P64CS EVAKIT-7500B EV7554A — _ _— ASM75 
uPD75P64G EVAKIT-7500B EV7554A _ = = ASM75 
uPD7566CS EVAKIT-7500B EV7554A SE-7554A pPD75P66CS PA-75P56CS ASM75 
pPD7566G EVAKIT-7500B EV7554A SE-7554A pPD75P66G PA-75P56CS ASM75 





* Required Tools 
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System PG-1500 Absolute 
Part Number ns Add-on Evaluation EPROM/OTP Adapter Assembler 
(Note 1) Emulator* Board* Board Device (Note 2) (Note 3) 
uPD7S66ACS_—CEVAKIT-7500B_ CC EV7S54A_CSE-75S4A_ PD 7SPECCS ~—PASTSPSOCS ASM 
pPD7566AG EVAKIT-7500B EV7554A SE-7554A pPD75P66G PA-75P56CS ASM75 
pPD75P66CS EVAKIT-7500B EV7554A : _— _— — ASM75 
pPD75P66G _EVAKIT-7500B EV7554A _ = = ASM75 
_. . * Required Tools 
Notes: 
(1) Packages: 
Package Description 
Cc 40-pin plastic DIP (4PD7507/07H/08/08H) 
42-pin plastic DIP (uPD7527A/28A/33/37A/38A) 
cs 20-pin plastic shrink DIP (uPD7554/54A/P54/64/64A/P64) 
24-pin plastic shrink DIP (uPD7556/56A/P56/66/66A/P66) 
CU 40-pin plastic shrink DIP (uPD7507/07H/08/08H) 
42-pin plastic shrink DIP (uPD7527A/28A/33/37A/38A) 
E 40-pin ceramic piggy-back DIP (uPD75CG08/08H) 
42-pin ceramic piggy-back DIP (uPD75CG28/33/38) 
G 20-pin plastic SO (uPD7554/54A/P54/64/64A/P64) 


24-pin plastic SO (uPD7556/56A/P56/66/66A/P66) 
G-00 52-pin plastic QFP 
G-12 64-pin plastic QFP (uwPD7502/03) 
G-22 44-pin plastic QFP 
(2) By using the specified adapter, the PG-1500 EPROM programmer 
can be used to program the OTP device. 


(3) The ASM75 Absolute Assembler is provided to run under the MS-DOS® 
operating system. (ASM75-D52). 


MS-DOS is a registered trademark of Microsoft Corporation. 
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Relocatable Structured 
Part Number Emulation Optional Socket EPROM/OTP Assembler Assembler 
(Note 5) Emulator* Probe* Adapter (Note 1) Device (Note 2) (Note 3) (Note 4) 
pPD75004CU IE-75000-R EP-75008CU-R _ D75P008CU RA75X ST75X 
pPD75006GB-3B4 IE-75000-R EP-75008GB-R EV-9200G-44 pPD75P008GB RA75X ST75X 
pPD75006CU IE-75000-R EP-75008CU-R _ pPD75P008CU RA75X ST75X 
D75006GB-3B4 IE-75000-R EP-75008GB-R EV-9200G-44 D75P008GB RA75X ST75X 
yPD75008CU IE-75000-R EP-75008CU-R _ pPD75P008CU RA75X ST75X 
D75008GB-3B4 IE-75000-R EP-75008GB-R EV-9200G-44 pPD75P008GB RA75X ST75X 
D75P008CU IE-75000-R EP-75008CU-R _ — RA75X ST75X 
uPD75P008GB-3B4 IE-75000-R EP-75008GB-R EV-9200G-44 —_ RA75X ST75X 
pPD75028CW IE-75000-R EP-75028CW-R _ pPD75P036CW RA75X' ST75X 
pPD75028GC-AB8 JE-75000-R EP-75028GC-R EV-9200GC-64 pPD75P036GC RA75X ST75X 
pPD7SP036CW IE-75000-R EP-75028CW-R _— — RA75X ST75X 
yPD75P036GC-AB8 1E-75000-R EP-75028GC-R EV-9200GC-64 _ RA75X ST75X 
pPD75048CW IE-75000-R EP-75028CW-R _ pPD7SP056CW RA75X ST75X 
pPD75048GC-AB8 IE-75000-R EP-75028GC-R EV-9200GC-64 pPD75P056GC RA75X ST75X 
pPD75P056CW IE-75000-R EP-75028CW-R _ _ RA75X ST75X 
yPD75POS6GC-AB8__—_—sIE-75000-R_——=sEP-75028GC-R_——=sEV-9200G0-64. = — | ~~~~SRA7SX”~=—=s=“‘séSTVX”~OOOC 
pPD75104CW IE-75000-R EP-75108CW-R _ pPD75P108CW/DW RA75X ST75X 
D75P116CW 
pPD75104G-1B IE-75000-R EP-75108GF-R EV-9200G-64 pPD75P 108G/GF RA75X ST75X 
pPD75P116GF 
pPD75104GF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 pPD75P108G/GF RA75X ST75X 
pPD75P116GF 
pPD75104AGC-AB8- IE-75000-R EP-75108AGC-R: EV-9200GC-64 _ RA75X ST75X 
pPD75106CW IE-75000-R EP-75108CW-R _ pPD75P108CW/DW RA75X ST75X 
pPD75P116CW 
pPD75106G-1B IE-75000-R EP-75108GF-R EV-9200G-64 pPD75P108G/GF RA75X ST75X 
D75P116GF 
pPD75106GF-3BE IE-75000-R  EP-75108GF-R EV-9200G-64 pPD75P108G/GF RA75X ST75X 
pPD75P116GF 
pPD75108AG-22 1E-75000-R EP-75108AGC-R EV-9200GC-64 _ RA75X ST75X 
uPD75108AGC-AB8 IE-75000-R EP-75108AGC-R EV-9200GC-64 — RA75X ST75X 
pPD75108CW IE-75000-R EP-75108CW-R — pPD75P108CW/DW RA75X ST75X 
pPD75P116CW 
}PD75108G-1B IE-75000-R EP-75108GF-R EV-9200G-64 pPD75P 108G/GF RA75X ST75X 
D75P116GF 
pPD75108GF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 pPD75P108G/GF. RA75X ST75X 
pPD75P116GF 
pPD75P108BCW 1E-75000-R EP-75108CW-R _ _— RA75X ST75X 
pPD75P108BGF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 _ RA75X ST75X 
HPD7SP108CW IE-75000-R EP-75108CW-R _ _— RA75X $T75X 
pPD75P108DW 1E-75000-R EP-75108CW-R _ _ RA75X ST75X 
pPD75P 108G-1B JE-75000-R EP-75108GF-R EV-9200G-64 _ RA75X ST75X 
pPD751120W IE-75000-R EP-75108CW-R _ pPD75P116CW RA75X ST75X 
pPD751 12GF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 HPD75P116GF RA75X ST75X 
pPD75116CW 1E-75000-R EP-75108CW-R _ pPD75P116CW RA75X ST75X 
pPD751 16GF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 pPD75P116GF RA75X ST75X 
pPD7SP116CW 1E-75000-R EP-75108CW-R _ — RA75X ST75X 
yPD75P116GF-3BE IE-75000-R - EP-75108GF-R EV-9200G-64 —_— RA75X ST75X 
pPD75206CW IE-75000-R EP-75216ACW-R _ pPD75P216ACW RA75X ST75X 
pPD75206G-1B JE-75000-R EP-75216AGF-R EV-9200G-64 _ RA75X ST75X 
pPD75206BGF-3BE 1E-75000-R EP-75216AGF-R EV-9200G-64 —_ RA75X ST75X 
pPD75208CW 1E-75000-R EP-75216ACW-R ~- pPD75P216ACW RA75X ST75X 
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Part Number . - Emulation Optional Socket EPROM/OTP Assembler Assembler 
(Note 5) Emulator* Probe* Adapter (Note 1) Device (Note 2) (Note 3) (Note 4) 
pPD75208G-18 1E-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X 
pPD75208GF-3BE IE-75000-R EP-75216AGF-R EV-9200G-64 —_ RA75X ST75X 
pPD75CG208E 1E-75000-R EP-75216ACW-R _ _ RA75X ST75X 
pPD75CG208EA {E-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X 
D75212ACW IE-75000-R EP-75216ACW-R _ pPD75P216ACW RA75X ST75X 
pPD75212AGF-3BE 1E-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X 
pPD7S5216ACW IE-75000-R EP-75216ACW-R _ pPD75P216ACW RA75X ST75X 
D75216AGF 1E-75000-R EP-75216AGF-R EV-9200G6-64 _ RA75X ST75X 
pPD75CG216AE IE-75000-R EP-75216ACW-R _ — RA75X ST75X 
pPD75CG216AEA IE-75000-R EP-75216AGF-R EV-9200G-64 _ RA75X ST75X 
pPD75P216ACW 1E-75000-R EP-75216ACW-R _ pPD75P216ACW RA75X ST75X 
pPD75268CW 1E-75000-R EP-75216ACW-R — uPD75P216ACW RA75X ST75X 
pPD75268GF-3BE lE-75000-R EP-75216AGF-R EV-9200G-64 _ RA75X ST75X 
pPD75304GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 pPD75P308GF/K RA75X ST75X 
pPD75306GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 pPD75P308GF/K RA75X ST75X 
pPD75308GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 pPD75P308GF/K RA75X ST75X 
pPD75P308GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 — RA75X ST75X 
pPD75P308K {£-75000-R EP-75308GF-R EV-9200G-80 _ RA75X ST75X 
pPD75312GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 pPD75P316GF RA75X ST75X 
pPD75316GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 pPD75P316GF RA75X ST75X 
075P316GF-3B9 1E-75000-R EP-75308GF-R EV-9200G-80 —_ RA75X ST75X 
pPD75P316AGF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 _ RA75X ST75X 
D75P316AK 1E-75000-R EP-75308GF-R EV-9200G-80 _ RA75X ST75X 
pPD75328GC-3B9 IE-75000-R EP-75328GC-R EV-9200GC-80 pPD75P328GC RA75X $T75X 
D75P328GC-3B9 IE-75000-R EP-75328GC-R EV-9200GC-80 _ RA75X ST75X 
pPD75402AG IE-75000-R EP-75402C-R —_ pPD75P402C RA75X ST75X 
pPD75402ACT {E-75000-R EP-75402C-R _ pPD75P402CT RA75X ST/5X 
pPD75402AGB-3B4 IE-75000-R EP-75402GB-R EV-9200G-44 yPD75P402GB RA75X ST75X 
pPD75P402C IE-75000-R EP-75402C-R _ _ RA75X ST75X 
pPD75P402CT 1E-75000-R EP-75402C-R — —_ RA75X ST75X 
uPD75P402GB-3B4 IE-75000-R EP-75402GB-R EV-9200G-44 —_ RA75X ST75X 
pPD7551 2GF-3B9 1E-75000-R EP-75516GF-R EV-9200G-80 pPD75P516GF/K RA75X ST75X 
pPD75516GF-3B9 1E-75000-R EP-75516GF-R EV-9200G-80 pPD75P516GF/K RA75X ST75X 
pPD75P516GF-3B9 1E-75000-R EP-75516GF-R EV-9200G-80 — RA75X ST75X 
pPD75P516K IE-75000-R EP-75516GF-R EV-9200G-80 — _ a 
Notes: (5) Packages: 
(1) The EV-9200G-XX is an LCC socket with the footprint of the flat Package Description 
package. One unit is supplied with the probe. Additional units are : Cc 28-pin plastic DIP 
available as replacement parts in sets of five. CT 28-pin plastic shrink DIP 
(2) AllEPROM/OTP devices can be programmed using the NEC PG- cu 42-pin plastic shrink DIP 
1500. Refer to the PG-1500 Programming Socket Adapter CW 64-pin plastic shrink DIP 
Selection Guide for the appropriate socket adapter. DW 64-pin ceramic shrink DIP with window 
(3) The RA7§X relocatable assembler package is provided for the = GApincoramic piagy-beck Shrink DIP 


EA 64-pin ceramic piggy-back QFP 
G-1B 64-pin plastic QFP (2.05 mm thick) 
G-22 64-pin plastic QFP (1.55 mm thick) 
GB-3B4 44-pin plastic QFP 


following operating systems: 
RA75X-D52 (MS-DOS®) 
RA75X-VVT1 (VAX/VMS®) 


(4) The ST75X structures assembler preprocessor is provided with GC-AB8 64-pin plastic QFP (2.55 mm thick) 
RA75X. GC-3B9 80-pin plastic QFP 
GF-3BE 64-pin plastic QFP (2.77 mm thick) 
GF-3B9 80-pin plastic QFP 
K 80-pin ceramic LCC 
MS-DOS is a registered trademark of Microsoft Corporation. VAX and VMS are registered trademarks of Digital Equipment Corporation. 
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Part Number Emulation EPROM/OTP Adapter Assembler C Compiler 
(Note 1) Emulator* Probe* Device (Note 2) (Note 9) (Note 9) 
pPD78C10CW IE-78C11-M EV-9001-64 — — RA87 CC87 
(Note 3) 
D78C10G-36 IE-78C11-M (Note 4) — — RA87 CC87 
D78C10G-1B IE-78011-M (Note 5) _— — RA87 CC87 
D78C10GF-3BE IE-78011-M (Note 5) — — RA87 CC87 
D78C10L IE-78011-M (Note 5) — — RA87 CC87 1 
pPD78C10ACW IE-78C11-M EV-9001-64 — — RA87 CC87 
(Note 8) (Note 3) 
pPD78C10AGQ-36 IE-78C11-M (Note 4) — — RA87 CC87 
(Note 8) 
pPD78C10AGF-3BE IE-78C11-M (Note 5) _ — RA87 CC87 
(Note 8) 
pPD78C10AL 1E-78011-M (Note 5) — — RA87 CC87 
(Note 8) 
pPD78C11CW 1E-78011-M EV-9001-64 pPD78CP14CW/DW PA-78CP14CW RA87 CC87 
(Note 3) 
pPD78C11G-36 IE-78011-M (Note 4) pPD78CP14G-36/R PA-78CP14GQ RA87 CC87 
pPD78CP14E 
pPD78C11G-1B IE-78C11-M (Note 5) pPD78CP14GF-3BE PA-78CP14GF RA87 CC87 
pPD78C11GF-3BE IE-78C11-M (Note 5) pPD78CP14GF-3BE PA-78CP14GF RA87 CC87 
pPD78Ct1L 1E-78C11-M (Note 5) pPD78CP14L PA-78CP14L RA87 CC87 
pPD78C11ACW IE-78C11-M EV-9001-64 pPD78CP14CW/DW PA-78CP14CW RA87 CC87 
(Note 7) (Note 3) (Note 6) 
pPD78C11AGQ-36 IE-78C11-M (Note 4) pPD78CP14G-36/R PA-78CP14GQ RA87 CC87 
(Note 7) (Note 6) 
pPD78C11AGF-3BE IE-78C11-M (Note 5) pPD78CP14GF-3BE PA-78CP14GF RA87 CC87 
(Note 7) (Note 6) 
pPD78C11AL IE-78C11-M (Note 5) pPD78CP14L PA-78CP14L RA87 CC87 
(Note 7) (Note 6) 
pPD78C12ACW IE-78011-M EV-9001-64 pPD78CP14CW/DW PA-78CP14CW RA87 CC87 
(Note 7) (Note 3) (Note 6) 
pPD78C12AGQ-36 IE-78C11-M (Note 4) pPD78CP14G-36/R PA-78CP14GQ RA87 CC87 
(Note 7) (Note 6) 
pPD78C12AGF-3BE IE-78C11-M (Note 5) pPD78CP14GF-3BE PA-78CP14GF RA87 CC87 
(Note 7) (Note 6) 
pPD78C12AL IE-78C11-M (Note 5) pPD78CP14L PA-78CP14L RA87 CC87 
(Note 7) (Note 6) 
pPD78C14CW IE-78C11-M EV-9001-64 pPD78CP14CW/DW PA-78CP14CW RA87 CC87 
(Note 3) 
pPD78C14G-36 IE-78C11-M (Note 4) pPD78CP14G-36/R PA-78CP14GQ RA87 CC87 
D78CG14E _ 
yPD78C14G-1B IE-78C11-M (Note 5) uPD78CP14GF PA-78CP14GF RA87 CC87 
pPD78C14GF-3BE IE-78011-M (Note 5) pPD78CP14GF PA-78CP14GF RA87 CC87 
pPD78C14L IE-78011-M (Note 5) uPD78CP14L PA-78CP14L RA87 CC87 
pPD78C14AG-AB8 IE-78011-M (Note 5) _ _ RA87 CC87 
(Note 7) 
pPD78CG14E IE-78C11-M (Note 4) _— — RA87 CC87 
(Note 8) 
pPD78CP14CW IE-78C11-M EV-9001-64 _— PA-78CP14CW RA87 CC87 
(Note 3) 
pPD78CP14DW IE-78C11-M EV-9001-64 _— PA-78CP14CW RA87 CC87 
(Note 3) 





* Required Tools 
**For all uPD78C1X devices, you may use the DDK-78C10 for evaluation purposes. 
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Part Number Emulation 
(Note 1) Emulator* Probe* 
pPD78CP14G-36 IE-78C11-M (Note 4) 
uPD78GP14GF-3BE IE-78C11-M (Note 5) 
pPD78CP14L IE-78C11-M (Note 5) 
pPD78CP14R IE-78011-M (Note 4) 


* Required Tools 


PG-1500 Relocatable 

Adapter Assembler C Compiler 
(Note 2) (Note 9) (Note 9) 
PA-78CP14GQ RA87 CC87 
PA-78CP14GF RA87 CC87 
PA-78CP14L RA87 CC87 
PA-78CP14GQ RA87 _ €C87 


“For all wPD78C1X devices, you may use the DDK-78C10 for evaluation purposes. 


Notes: 


(1) Packages: 
Package Description 


CW 64-pin plastic shrink DIP 

DW 64-pin ceramic shrink DIP with window 

E 64-pin ceramic piggy-back QUIP 

G-1B 64-pin plastic QFP (Resin Thickness: 2.05 mm) 
G-36 64-pin plastic QUIP 


G-AB8 64-pin plastic QFP (Interpin Pitch: 0.8 mm) 
GF-3BE — 64-pin plastic QFP (Resin Thickness: 


GQ-36 64-pin plastic QUIP 
L 68-pin PLCC 


R. 64-pin ceramic QUIP with window 


(2) By using the specified adapter, the PG-1500 EPROM programmer 
can be used to program the EPROM/OTP device. 


(3) 64-pin shrink DIP adapter which plugs into the EP-7811HGQ 


emulation probe supplied with each IE. 


MS-DOS is a registered trademark of Microsoft Corporation. 


~— 


~~ 


The emulation probe for the 64-pin QUIP package (EP-7811HGQ) 
is supplied with the IE. 


No emulation probe available. 


The pPD78CP 14 EPROM/OTP devices do not have pull-up 
resistors on ports A, B, and C. 

The IE-78C11-M can be used by replacing the pPD78C10G-36 
with a p~PD78C10AGQ-36. However, it will not be able to emulate 
the optional pull-up resistors on ports A, B, and C. 


The pPD78CG14E is a piggy-back EPROM device in a ceramic 
QUIP package. It accepts 270256 and 27C256A EPROMS. 


The following relocatable assemblers and C compilers are 
available: 


RA87-D52 (MS-DOS?) Relocatable assemblers 
RA87-VVT1 (VAX/VMS*) for 78XX series 
CCMSD-I5DD-87 (MS-DOS) C Compilers for 
CCVMS-OT 16-87 (VAX/VMS) 78XX Series 


CCUNX-OT16-87 (VAX/UNIX®) 


4.2 BSD or Uitrix®) 


VAX, VMS and Ultrix are registered trademarks of Digital Equipment Corporation. 


UNIX is a trademark of AT&T Bell Laboratories. 
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Part Number Evaluation Designer Kit Emulator Kit Low-End Emulation Emulation Device 
(Note 2) Kit (Note 3 (Note 4) (Note 5) Emulator System Probe (Note 6) 
pPD78213CW EK-78K2-21X  DK-78K2-21XCW _IK-78K2-21XCW _EB-78210-PC IE-78210-R EP-78210CW-R _ 

D78213GJ-5BJ EK-78K2-21X  DK-78K2-21XGJ IK-78K2-21XGJ _EB-78210-PC IE-78210-R EP-78210GJ-R(7) — 
uPD78213GQ0-36 EK-78K2-21X | DK-78K2-21XGQ_ _IK-78K2-21XGQ_—_EB-78210-PC 1E-78210-R EP-78210GQ-R — 
pPD78213L EK-78K2-21X — DK-78K2-21XL 1K-78K2-21XL EB-78210-PC IE-78210-R EP-78210L-R _ 

D78214CW EK-78K2-21X  DK-78K2-21XCW _IK-78K2-21XCW _EB-78210-PC IE-78210-R EP-78210CW-R D78P214CW/DW 
pPD78214GJ-5Bu EK-78K2-21X | DK-78K2-21XGJ IK-78K2-21XGJ  EB-78210-PC IE-78210-R EP-78210GJ-R (7) D78P214GJ 
pPD78214GQ0-36 EK-78K2-21X  DK-78K2-21XGQ_ _IK-78K2-21XGQ _EB-78210-PC IE-78210-R EP-78210GQ-R pPD78P214GQ 
pPD78214L EK-78K2-21X — DK-78K2-21XL IK-78K2-21XL EB-78210-PC IE-78210-R EP-78210L-R D78P214L 
pPD78P214CW EK-78K2-21X  DK-78K2-2iXCW —_IK-78K2-21XCW —_EB-78210-PC 1E-78210-R EP-78210CW-R a 
pPD78P214DW EK-78K2-21X  DK-78K2-21XCW _IK-78K2-21XCW —__EB-78210-PC IE-78210-R EP-78210CW-R _ 
pPD78P214GJ-5BJ EK-78K2-21X_ _ DK-78K2-21XGJ IK-78K2-21XGJ___ EB-78210-PC IE-78210-R EP-78210GJ-R (7) — 
pPD78P214GQ-36 EK-78K2-21X | DK-78K2-21XGQ —_1K-78K2-21XGQ__ EB-78210-PC IE-78210-R EP-78210GQ-R — 

D78P214L EK-78K2-21X  DK-78K2-21XL IK-78K2-21XL EB-78210-PC IE-78210-R EP-78210L-R 
pPD78220GJ-5BG EK-78K2-22X  DK-78K2-22XGJ IK-78K2-22XGJ__ EB-78220-PC IE-78220-R EP-78220GJ-R (8)  — 
pPD78220L EK-78K2-22X  DK-78K2-22XL IK-78K2-22XL_ _ EB-78220-PC IE-78220-R EP-78220L-R _ 
uPD78224GJ-5BG EK-78K2-22X  DK-78K2-22XGJ IK-78K2-22XGJ ____EB-78220-PC IE-78220-R EP-78220GJ-R (8) yw PD78P224GJ 
pPD78224L EK-78K2-22X  DK-78K2-22XL IK-78K2-22XL EB-78220-PG IE-78220-R EP-78220L-R pPD78P224L 
MPD78P224GJ-5BG == -EK-78K2-22X — DK-78K2-22XGJ IK-78K2-22XGJ__ EB-78220-PC IE-78220-R EP-78220GJ-R (8)  — 
pPD78P224L EK-78K2-22X - DK-78K2-22XL IK-78K2-22XL EB-78220-PC IE-78220-R EP-78220L-R = 
pPD78233GC-3B9 EK-78K2-23X  DK-78K2-23XGC IK-78K2-23XGC_ —_ EB-78230-PC IE-78230-R EP-78230GC-R = 
pPD78233GJ-5BG EK-78K2-23X — DK-78K2-23XGJ IK-78K2-23XGJ__ EB-78230-PC IE-78230-R EP-78230GJ-R = 
pPD78233LQ EK-78K2-23X  DK-78K2-23XL IK-78K2-23XL EB-78230-PC 1E-78230-R EP-78230L0-R —_ 


pPD78234GC-3B9 


EK-78K2-23X 


DK-78K2-23XGC 


IK-78K2-23XGG 


EB-78230-PG 


lE-78230-R 


EP-78230GC-R 





uPD78234GJ-5BG 
D78234LQ 
uPD78P238GC-3B9 
uPD78P238GJ-5BG 
uPD78P238KF 
uPD78P238LQ 


Notes: 





EK-78K2-23X 
EK-78K2-23X 
EK-78K2-23X 
EK-78K2-23X 
EK-78K2-23X 
EK-78K2-23X 


DK-78K2-23XGJ 
DK-78K2-23XL 
DK-78K2-23XGC 
DK-78K2-23XGJ 
DK-78K2-23XGJ 
DK-78K2-23XL 


IK-78K2-23XGJ 
IK-78K2-23XL 
IK-78K2-23XGC 
IK-78K2-23XGJ 
IK-78K2-23XGJ 
IK-78K2-23XL 


EB-78230-PC 
EB-78230-PC 
EB-78230-PG 
EB-78230-PC 
EB-78230-PC 
EB-78230-PC 


IE-78230-R 
IE-78230-R 
IE-78230-R 
IE-78230-R 
JE-78230-R 
IE-78230-R 


1. The following software packages are available for the 1PD782XX 
Series: 


RA78k2 relocatable assembler package 
RA78K2-D52 (MS-DOS?) 
RA78K2-VVT1 (VAX®/VMS®) 

ST78K2 Structured assembler preprocessor 
Provided with RA78K2 

CC782XX C Compiler package 
CCMSD-I5DD-782XX (MS-DOS?) 


(2) Packages: 

Package Description 

CW 64-pin plastic shrink DIP 

DW 64-pin ceramic shrink DIP with window 

GC-3B9 80-pin plastic QFP 

GJ-5BG 94-pin plastic QFP 

GJ-5BU 74-pin plastic QFP 

GQ-36 64-pin plastic QUIP 

KF 94-pin ceramic LCC with window 

L 68-pin PLCC (uPD78213/214/P214L) 
84-pin PLCC (uPD78220/224/P224L) 

LQ 84-pin PLCC 


MS-DOS is a registered trademark of Microsoft Corporation. 


VAX and VMS are registered trademarks of Digital Equipment Corporation. 


EP-78230GJ-R 
EP-78230L0-R 
EP-78230GC-R 
EP-78230GJ-R 
EP-78230GJ-R 
EP-78230L0-R 


uPD78P238L0 


(3) The pPD782XX Evaluation Kit contains the appropriate DDB-78K2- 
2XX evaluation board for the part selected, the RA78K2 Relocat- 
able Assembler Package, and the ST78K2 Structured Assembler 


Preprocessor. 


(4) The pPD782XX Designer Kit contains the appropriate EB-782XX- 
PC low-end emulator and emulation probe for the part selected, the 
RA78K2 Relocatable Assembler Package, and the ST78K2 
Structured Assembler Preprocessor. 


(5) The wPD782XX Emulator Kit contains the appropriate IE-782XX 
system and emulation probe for the part selected, the RA78K2 
Relocatable Assembler Package, and the ST78K2 Structured 


Assembler Preprocessor. 


(6) All EPROM/OTP devices can be programmed using the NEC PG- 
1500. Refer to the PG-1500 Programming Socket Adapter 
Selection Guide for the appropriate programming adapter. 


(7) The EP-78210GJ-R emulation probe is shipped with one EV- 
9200G-74, a 74-pin LCC socket with the footprint of the QFP 
package. Additional sockets are available as replacement parts in 


sets of five. 


(8) The EP-78220GJ-R emulation probe is shipped with one EV- 
9200G-94, a 94-pin LCC socket with the footprint of the QFP 
package. Additional sockets are available as replacement parts in 


sets of five. 





uPD782XX Series N. E C 
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uPD783XX Series 
Development Tools 
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EC 


uPD783XX Series Development Tools Selection Guide (Note 10) 























PG-1500 Relocatable Structured 
Part Number - Emulation EPROM/OTP Adapter Assembler Assembler C Compiler 
(Note 1) Emulator* Probe* Device (Note 2) (Note11) (Note 12) (Note 13) 
pPD78310ACW IE-78310A-R (Note 3) — _— RA78K3 ST78K3 CC7831X 
(Note 5) 
uPD78310AGF-3BE IE-78310A-R EP-78310GF — — RA78K3 ST78K3 CC7831X 
ae: (Note 6) (Note 5) 
pPD78310AGQ-36 1E-78310A-R (Note 4) — — RA78K3 ST78K3 CC7831X 
(Note 5) 
pPD78310AL IE-78310A-R EP-78310L _ — RA78K3 ST78K3 CC7831X 
(Note ’5) 
yPD78312ACW IE-78310A-R (Note 3) pPD78P312ACW/DW PA-78P312CW RA78K3 ST78K3 CC7831X 
(Note 5) 
pPD78312AGF-3BE IE-78310A-R EP-78310GF pPD78P31 2AGF-3BE PA-78P312GF RA78K3 ST78kK3 CC7831X 
(Note 6) (Note 5) 
pPD78312AGQ-36 1E-78310A-R (Note 4) pPD78P312AGQ/RQ PA-78P312GQ RA78K3 ST78K3 CC7831X 
oe (Note 5) 
pPD78312AL IE-78310A-R EP-78310L pPD78P312AL PA-78P312L RA78K3 ST78K3 CC7831X 
(Note 5) 
uPD78P312ACW IE-78310A-R (Note 3) — PA-78P312CW RA78K3 ST78K3 CC7831X 
(Note 5) 
uPD78P312ADW IE-78310A-R (Note 3) — PA-78P312CW RA78K3 ST78kK3 CC7831X 
(Note 5) 
BPD78P312AGF-3BE —_‘IE-78310A-R EP-78310GF — PA-78P312GF RA78K3 $T78K3 CC7831X 
(Note 6) (Note 5) 
HPD78P312AGQ-36 IE-78310A-R (Note 4) — PA-78P312GQ RA78K3 ST78K3 CC7831X 
(Note 5) 
pPD78P312AL IE-78310A-R EP-78310L — PA-78P312L RA78K3 ST78K3 CC7831X 
(Note 5) 
uPD78P312AR IE-78310A-R (Note 4) — PA-78P312GQ RA78K3 ST78K3 CC7831X 
(Note 5) 
pPD78320GJ-5BJ IE-78320-R EP-78320GJ/-R — — RA78K3 ST78K3 CC7832X 
(Note 7) 
pPD78320L IE-78320-R EP-78320L-R —_ — RA78K3 ST78K3 CC7832X 
pPD78322GJ-5BU IE-78320-R EP-78320GJ-R pPD78P322GJ PA-78P322GJ RA78K3 ST78K3 CC7832X 
(Note 7) pPD78P322KD PA-78P322KD 
pPD78322L IE-78320-R EP-78320L-R pPD78P322L PA-78P322L RA78K3 ST78K3 CC7832X 
pPD78P322KC PA-78P322KC 
pPD78P322GJ IE-78320-R EP-78320GJ-R — PA-78P322GJ RA78K3 ST78K3 CC7832X 
(Note 7) 
pPD78P322KC IE-78320-R EP-78320L-R — PA-78P322KC RA78K3 ST78K3 CC7832X 
pPD783P322KD IE-78320-R EP-78320GJ-R — PA-78P322KD RA78K3 $178K3 CC7832X 
(Note 7) 
pPD78P322L IE-78320-R EP-78320L-R — PA-78P322L RA78K3 ST78K3 CC7832X 
pPD71P301GF-3BE IE-78320-R _— — PA-71P301GF _ — = 
uPD71P301GQ-36 1E-78320-R _— — PA-71P301GQ _ — —_ 
HPD71P301KA IE-78320-R _ — PA-71P301KA — —_ _ 
(Note 8) 
pPD71P301KB IE-78320-R _ — PA-71P301KB — — _ 
(Note 9) 
pPD71P301L IE-78320-R — _ PA-71P301L — — = 
pPD71P301RQ IE-78320-R —_ — PA-71P301GQ — _ _ 


* Required Tools 
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Notes: 
(1) Packages: 
Package Description 
CW 64-pin plastic shrink DIP 
DW 64-pin ceramic shrink DIP with window 
GF-3BE 64-pin plastic QFP (Resin Thickness: 2.7 mm) 
Gu-5BJ 74-pin plastic QFP (20 mim x 20 mm) 
GQ-36 64-pin plastic QUIP 
KA 44-pin ceramic LCC with window 
KB 64-pin ceramic LCC with window 
KC 68-pin ceramic LCC with window 
KD 74-pin ceramic LCC with window 
L 44-pin PLCC (uPD71P301L) 
68-pin PLCC (uPD78310A/312A/P312AL, 
pPD78320/322L) 
R 64-pin ceramic QUIP with window 
RQ 64-pin ceramic QUIP with window 


(2) 


(3) 


(4) 


(5) 


(6) 


By using the specified adapter, the PG-1500 EPROM program- 
mer can be used to program the EPROM/OTP device. 

The emulation probe for the 64-pin shrink DIP package (EP- 
78310CW) is supplied with the IE. 

The emulation probe for the 64-pin QUIP package (EP- 
78310GQ) is supplied with the IE. - 

There are two C Compilers for the »PD7831X devices: CC7831X 
from NEC Electronics and one from Lattice Corporation. 

The EP-78310GF emulation probe is shipped with one EV- 
9200G-64, a 64-pin LCC socket with the footprint of the QFP 


package. Additional sockets are available as replacement parts 
in sets of five. 


MS-DOS is a registered trademark of Microsoft Corporation. 


VAX and VMS are registered trademarks of Digital Equipment Corporation. 
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The EP-78320GJ-R emulation probe is shipped with one EV- 
9200G-74, a 74-pin LCC socket with the footprint of the QFP 
package. Additional sockets are available as replacement parts 
in sets of five. 


Sockets for the 1PD71P301KA (44-pin LCC package) are 
available from Yamaichi, Inc. (IC61-0444-030). 


Sockets for the wPD71P301KB (64-pin LCC package) are 
available from NEC Electronics (EV-9200G-64) in sets of five. 


The following evaluation boards are available for the pPD783XX 
series: 


(7) 


(8) 
(9) 
(10) 


Part Number Evaluation Boards 


pPD7831XA — DDK-78310A 
pPD7832X EB-78320-PC _ 


Design/Development Boards 


(11) The following relocatable packages are available: 


RA-78K3-D52 (MS-DOS®) Relocatable assembler 
RA-78K3-VVT1 (VAX/VMS?*) for 783XX series 


(12) The ST78K3 structured assembler preprocessor is provided with 
RA78K3. 


(13) The following C Compiler packages are available: 


CCMSD-I5DD-7831X (MS-DOS®*) For pPD7831X series 
CCMSD-I5DD-7832X (MS-DOS®*) For pPD7832X series 


NEC 


Socket Adapters and Adapter Modules 














PG-1500 
Programming Adapters 








Socket Adapter Adapter Module 
Target Chip (Note 1) (Note 2) 
Standard 27XXX EPROM Devices 
pPD27256 (12.5 V) _— 027A Board 
pPD27256 (21 V) — 027A Board 
pPD27C256 — 027A Board 
pPD27C256A _ 027A Board 
pPD27C512 — 027A Board 
pPD2701000 _— 027A Board 
pPD2701001 - 027A Board 
pPD27010124 — 027A Board 
uPD75XX Series Devices 
pPD75P54CS PA-75P54CS 04A Board 
pPD75P54G PA-75P54CS 04A Board 
pPD75P56CS PA-75P54CS 04A Board 
pPD75P56G PA-75P54CS 04A Board 
pPD75PE64CS PA-75P54CS O4A Board 
pPD75P64G PA-75P54CS 04A Board 
pPD75P66CS PA-75P56CS 04A Board 
pPD75P66G PA-75P56CS 04A Board 
uPD75XXX Series Devices | 
pPD75P008CU PA-75P008CU 04A Board 
pPD75P008GB PA-75P008CU 04A Board 
pPD75P036CW PA-75P036CW 04A Board 
pPD75P036GC PA-75P036GC 04A Board 
pPD75P108BCW PA-75P108CW 04A Board 
pPD75P108CW PA-75P108CW 04A Board 
pPD75P108DW PA-75P108CW 04A Board 
pPD75P108BGF PA-75P108G 04A Board 
PA-75P 1 16GF 04A Board 
pPD75P108G _ PA-75P108G 04A Board 
PA-75P116GF O4A Board 
pPD75P116CW PA-75P108CW 04A Board 
uPD75P116GF PA-75P108G 04A Board 
PA-75P116GF 04A Board 
pPD75P216GF PA-75P216ACW 04A Board 
pPD75P308GF PA-75P308GF 04A Board 
pPD75P308K PA-75P308K 04A Board 
pPD75P316GF PA-75P308GF 04A Board 
pPD75P316AGF PA-75P308GF 04A Board 
pPD75P316AK PA-75P308K O4A Board 
pPD75P328GC PA-75P328GC 04A Board 
pPD75P402C (Note 3) . 027A Board 
pPD75P402CT PA-75P402CT 027A Board -. 
pPD75P402GB PA-75P402GB 027A Board 
pPD75P516GF PA-75P516GF 04A Board 
pPD75P516K PA-75P516K 04A Board 























Socket Adapter Adapter Module 
Target Chip (Note 1) (Note 2) 
uPD78XX Series Devices 
pPD78CP14CW PA-78CP14CW 027A Board 
pPD78CP14DW PA-78CP14CW 027A Board 
pPD78CP14G PA-78CP14GQ 027A Board 
yPD78CP14GF PA-78CP14GF 027A Board 
pPD78CP14L PA-78CP14L 027A Board 
pPD78CP14R PA-78CP14GQ 027A Board 
puPD78XXX Series Devices 
pPD71P301GF PA-71P301GF 027A Board 
pPD71P301GQ PA-71P301GQ 027A Board 
pPD71P301KA PA-71P301KA 027A Board 
pPD71P301KB PA-71P301KB 027A Board 
pPD71P30i1L PA-71P301L 027A Board 
pPD78P214CW PA-78P214CW 027A Board 
pPD78P214GJ PA-78P214GJ 027A Board 
pPD78P214GQ PA-78P214GQ 027A Board 
pPD78P214L PA-78P214L 027A Board 
pPD78P224GJ PA-78P224GJ 027A Board 
pPD78P224L PA-78P224L 027A Board 
pPD78P238GC PA-78P238GC 027A Board 
pPD78P238GJ PA-78P238GJ 027A Board 
pPD78P238KF PA-78P238KF 027A Board 
pPD78P238LQ PA-78P238LQ 027A Board 
pPD78P312ACW PA-78P312CW 027A Board 
pPD78P312ADW PA-78P312CW 027A Board 
pPD78P312AGF PA-78P312GF 027A Board 
pPD78P312AGQ PA-78P312GQ 027A Board 
pPD78P312AL PA-78P312L 027A Board 
pPD78P312AR PA-78P312GQ 027A Board 
pPD78P322GJ PA-78P322GJ 027A Board 
pPD78P322KC PA-78P322KC 027A Board 
pPD78P322KD PA-78P322KD 027A Board 
pPD78P322L PA-78P322L 027A Board 
V-Series Devices 
pPD70P322K PA-70P322L 027A Board 
Digital Signal Processors 
pPD77P56CR PA-77P56C 04A Board 
pPD77P56G PA-77P56C 04A Board 
pPD77P25C PA-77P25C 027A Board 
pPD77P25D PA-77P25C 027A Board 
pPD77P230R PA-77P230R 027A Board 
Notes: 


(1) All socket adapters must be purchased separately. 
(2) The 27A and 04A Adapter Modules are shipped with the PG-1500. 


(3) The pPD75P402C does not require a programming socket 
adapter. It can be plugged directly into the 027A board. 
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CMOS Microprocessors 


























Device, Data Clock 
pPD Features Bits (MHz) “Package Pins 
70008A *7Z80 microprocessor 8 8 DIP 40 
QFP 44 
PLCC 44 
70108 8088 compatible; enhanced 8/16 8 or 10 DIP 40 
(20) Ceramic DIP 40 
QFP 52 
PLCC 44 
70116 8086 compatible; enhanced 16 8 or 10 DIP 40 
(V30) Ceramic DIP 40 
QFP 52 
PLCC 44 
70208 MS-DOS, V20 compatible CPU with peripherals 8/16 8 or 10 Ceramic PGA 68 
(V40) PLCG 68 
QFP 80 
70216 MS-DOS, V30 compatible CPU with peripherals 16/16 8 or 10 PGA 68 
(V50) PLCC 68 
QFP 80 
70616 32-bit; high-speed 16/32 16 PGA ~ 68 
(V60) 
70632 32-bit; high-speed 32/32 20/25 PGA 132 
(V70) 
70832 32-bit; high-speed 32/32 25 Ceramic PGA 208 
(V80) 
70136 Hardwired, enhanced V30 16 12 or 16 PGA 68 
(V33) PLCC 68 
70236 V33 core-based; high-integration; DMA, serial 1/0, 16 - Ceramic PGA 132 
(V53) interrupt controller, etc. QFP 120 
70320 MS-DOS compatible; high-integration; DMA, serial 1/0, 8/16 5or8 PLCC 84 
(V25) interrupt controller, etc. QFP 94 
70330 MS-DOS compatible; high-integration; DMA, serial 1/0, 16 8 PLCC 84 
(V35) interrupt controller, etc. QFP 94 
70325 MS-DOS compatible; high-integration; high-speed DMA 8/16 8 or 10 PLCC 84 
(V25+) QFP 94 
70335 MS-DOS compatible; high-integration; high-speed DMA 16 8 or 10 PLCC 84 
(V35+) QFP 94 
70327 MS-DOS compatible; high-integration; software protection 8/16 8 PLCC 84 
(V25 Software Guard) QFP 94 
70337 MS-DOS compatible; high-integration; software protection 16 8 PLCC 84 
(V35 Software Guard) QFP 94 
79011 MS-DOS compatible; high-integration; real-time operating system 8/16 8 PLCC 84 
(V25 RTOS) QFP 94 
79021 MS-DOS compatible; high-integration; real-time operating system 16 8 PLCC 84 
(V35 RTOS) QFP 94 
70322 MS-DOS compatible; high-integration; 16K-byte ROM 8/16 8 PLCC 84 
(V25 ROM) QFP 94 





# Plastic unless ceramic (or cerdip) is specified. 
* For additional information, refer to 1987 Microcomputer Data Book. 


4-4 


wo 





V-Series N. E 


CMOS Microprocessors (cont) 


©) 











Device, Data Clock 

HPD Features Bits (MHz) * Package Pins 

70P322 ‘MS-DOS compatible; high-integration; 16K-byte UVEPROM; 8/16 8 Ceramic LCC 84 
V25 or V35 mode 

70332 MS-DOS compatible; high-integration; 16K-byte ROM. 16 8 PLCC 84 

(V35 ROM) QFP 94 





NMOS and HMOS Microprocessors 





Device, Data Clock 

yPD Features Bits (MHz) * Package Pins 
8085A *8-bit microprocessor; NMOS or HMOS 8 5 DIP 40 
8086 *46-bit microprocessor; HMOS 16 8 ~ Cerdip 40 
8088 *8-bit microprocessor; HMOS 8 8 Ceramic DIP 40 





CMOS System Support Products 























Device, Data Clock 
uPD Name Bits (MHz) # Package Pins 
71011 Clock Pulse Generator/Driver - 20 DIP 18 
eT Oe I ee aC ea ee 
71037 Programmable DMA Controller 8 ~ 10 DIP 40 
QFP 40 
PLCC 44 
71051 ‘Serial Control Unit 8 8/10 DIP 28 
QFP 44 
” PLCC 28 
71054 Programmable Timer/Controller 8 ‘8/10 DIP 24 
QFP 44 
PLCG 28 
71055 - Parallel Interface Unit 8 8/10 DIP 40. 
, ' " QFP 44 
PLCC 44 
71059 Interrupt Control Unit 8 8/10 DIP 28 
OFP 44 
a a a ee ee 
71071 DMA Controller . 8/16 8/10 DIP “48 
: Ceramic DIP 48 - 
QFP 52 
PLCC 52 
71082 Transparent Latch 8 8 DIP 20 
SOP 20 
71083 Transparent Latch 8 8 DIP : 20 
SOP 20 
71084 Clock Pulse Generator/Driver - 25 DIP ~ 18 
SOP 20°: 
71086 Bus Buffer/Driver 8 8 DIP 18 
— SOP 20 
71087 Bus Buffer/Driver 8 8 DIP 20 
SOP 20 
gs i a eS 
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E C V-Series 


CMOS System Support Products (cont) 





























Device, Data Clock 
PD Name Bits (MHz) * Package Pins 
71088 System Bus Controller - 8/10 DIP 20 
SOP 20 
82043 *Input/Output Expander - 5 DIP 24 
Skinny DIP 24 
NMOS System Support Products 
Device, Data Clock 
PD Name Bits (MHz) # Package Pins 
8155H *256 x 8 RAM; I/O ports and timer 8 3ord DIP 40 
8156H *256 x 8 RAM; I/O ports and timer 8 3ord DIP 40 
8237A *Programmable DMA Controller 8 5 DIP 40 
8243 *|Input/Output Expander - 5 DIP 24 
8251A *Programmable Communications Interface 8 3/5 DIP 28 
8253 *Programmable Internal Timer 8 5 DIP 24 
8255A *Programmable Peripheral Interface 8 5 DIP 40 
8257 _*Programmable DMA Controller 8 5 DIP 40 
8259A *Programmable Interrupt Controller 8 5 DIP 28 
8279 “Programmable Keyboard/Display Interface - 5 DIP 40 
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NEC Intelligent 
Peripheral Devices (IPD) 


Communications Controllers 





























Device, 
pPD Name Description Data Rate #Package Pins 
7201A Multiprotocol Serial Dual full-duplex serial channels; four DMA channels; 1 Mb/s DIP 40 
Communications Controller programmable interrupt vectors; asychronous Ceramic DIP 40 
COP and BOP support; NMOS 
72001 CMOS, Advanced Multiprotocol Functional superset of 8530; 8086/V30 interface; two 2.5 Mb/s DIP 40 
Serial Communications full-duplex serial channels; two digital phase-locked QFP 52 
Controller loops; two baud-rate generators per channel; loopback PLCC 52 
test mode; short frame and mark idle detection 
72002 CMOS, Advanced Multiprotocol Low-cost, single-channel version of 72001; software 2.5 Mb/s DIP 40 
Serial Communications Controller compatible; direct interface to 8237 DMA. QFP 44 
PLCC 44 
Not included in 1989-1990 IPD Data Book; refer to 72002 
data sheet. 
72103 CMOS, HDLC Controller Single full-duplex serial channel; on-chip DMA Controller. 4 Mb/s DIP 64 
PLCC 68 
Not included in 1989-1990 IPD Data Book; refer to 72103 
data sheet 
Graphics Controllers 
Device, 
uPD Name Description Drawing Rate #Package Pins 
7220A High-Performance General-purpose, high-integration controller; hardwired 500 ns/dot Ceramic DIP 40 
Graphics Display support for lines, arc/circles, rectangles, and graphics 
Controller characters; 1024x1024 pixel display with four planes 
72020 Graphics Display CMOS 7220A with 2M video memory; dual-port RAM control; 500 ns/dot DIP 40 
Controller write-masking on any bit; enhanced external synch QFP 52 
72120 Advanced Graphics High-speed graphics operations including paint, area fill, 500 ns/dot PLCC 84 
Display Controller slant, arbitrary angle rotate, up to 16x enlargement and QFP 94 
reduction; dual-port RAM control; CMOS 
72123 Advanced Graphics Enhanced 72120; expanded command set; improved painting 400 ns/dot PLCC 84 
Display Controller It performance; laser printer interface controls; CMOS QFP 94 
Advanced Compression/Expansion Engine 
Device, 
“PD Name Description #Package Pins 
72185 Advanced Compression/ High-speed CCITT Group 3/4 bit-map image compression/expansion (A4 test SDIP 64 
Expansion Engine chart, 400 PPI x 400 LPI in under 1 second); 32K-pixel line length; 32-megabyte PLCC 68 


image memory; on-chip DMA and refresh timing generator; CMOS 





# Plastic unless ceramic (or cerdip) is specified. 
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Floppy-Disk Controllers 











Device, Transfer 
HPD Name Description ; Rate # Package Pins 
765A/B Floppy-Disk Controller \ndustry-standard controller supporting IBM 3740 and IBM 500 kb/s DIP 40 


System 34 double-density format; enhanced 765B support 
multitasking applications 





71065/66 Floppy-Disk Interface Compatible with 765-family controllers and others; supports 500 kb/s SOP 28 

multiple data rates from 125 to 500 kb/s SDIP 30 

_ 72064" Floppy-Disk Controller CMOS; All features of 72068 with complete AT register set. 500 kb/s PLCC 44 

Pin compatible with WD 37C65/A/B but with higher QFP 52 
performance DPLL and reliable multitasking operation 

72065/65B CMOS Floppy-Disk 100% 765A/B microcode compatible; compatible with 808x 500 kb/s DIP 40 

Controller microprocessor families PLCC 44 

: QFP 52 

72067 Floppy-Disk Controller CMOS; 765A/B microcode compatible; clock generation/ 500 kb/s DIP 48 

switching circuitry; selectable write precompensation; QFP 52 

digital phase-locked loop PLCC 52 

72068 Floppy-Disk Controller All features of the 72067 plus IBM-PC, PC/XT, PC/AT, or 500 kb/s QFP 80 

; P$/2 style registers; 24-ma high-current drivers PLCC 84 

72069 Floppy-Disk Controller All features of the 72067/68 with substitution of high- 1 Mb/s PLCC 84 

performance analog phase-locked loop for digital PLL QFP 100 


Hard-Disk Controllers 





Device, Read/Write 
HPD Name Description Clock #Package Pins 
7261A/B Hard-Disk Controller Supports eight drives in SMD mode, four drives in ST506 23 MHz Ceramic DIP 40 
mode; error correction and detection 
7262 Enhanced Small-Disk Serial-mode ESD! compatible; controls up to seven drives; 18 MHz Ceramic DIP 40 
Interface (ESDI) Controller supports up to 80 heads; hard and soft-sector interfacing 
72061 CMOS Hard-Disk Supports SMD/SMD-E and $T506/412 type drives 24 MHz DIP 40 
Controller QFP 52 
De ae oO OS 
72111 Small Computer System Selectable 8/16 data bus width; 16 high-level commands 16 MHz SDIP 64 
Interface (SCSI) Controller for reduced CPU load; single-command automatic QFP 74 
execution; 5-Mb sync/async; CMOS PLCC 68 


* Not included in 1989-90 IPD Data Book; refer to 72064 Data Sheet. 
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Device, Instruction Instruction Data ROM Data RAM 
uPD Description Cycle (ns) ROM (Bits) (Bits) (Bits) # Package Pins 
7720A 16-bit, fixed-point DSP; NMOS 244 512 x 23 510 x 13 128 x 16 DIP 28 
PLCC 44 
77C20A 16-bit, fixed-point DSP; CMOS 244 512x 23 510x 13 128 x 16 DIP 28 
PLCC 28 
PLCC 44 
77P20 16-bit, fixed-point DSP; CMOS 244 512 x 23 510 x 13 128 x 16 Cerdip 28 
UVEPROM UVEPROM 
77025 16-bit, fixed-point DSP; CMOS 122 2048 x 24 1024 x 16 256 x 16 DIP 28 
PLCC 44 
SOP 32 
77P25 16-bit, fixed-point DSP; CMOS 122 2048 x 24 1024 x 16 256 x 16 DIP 28 
OTPROM OTPROM PLCC 44 
2048 x 24 1024 x 16 256 x 16 Cerdip 28 
UVEPROM UVEPROM 
77220 24-bit, fixed-point DSP; CMOS 122 2048 x 32 1024 x 24 512 x 24 Ceramic PGA 68 
PLCG 68 
77P220R 24-bit, fixed-point DSP; CMOS 122 2048 x 32 1024 x 24 512 x 24 Ceramic PGA 68 
UVEPROM UVEPROM 
77230AR 32-bit, floating-point DSP; CMOS 150 2048 x 32 1024 x 32 1024 x 32 Ceramic PGA 68 
77230AR-003 32-bit, floating-point DSP; CMOS; 150 n/a n/a n/a Ceramic PGA 68 
standard library software 
77P230R 32-bit, floating-point DSP; CMOS 150 2048 x 32 1024 x 32 1024 x 32 Ceramic PGA 68 
UVEPROM UVEPROM 
77810 16-bit fixed-point modem DSP; CMOS 184 2048 x 24 1024 x 16 256 x 16 Ceramic PGA 68 
PLCC 68 
7281 Image pipelined processor; NMOS 5-MHz clock n/a n/a 512 x 18 Ceramic DIP 40 
72181 Image pipelined processor; CMOS 10-MHz clock n/a nla 512x 18 DIP 40 
QFP 68 
9305 Support device for pPD7281 40-MHz n/a n/a n/a Ceramic PGA 132 
processors; CMOS clock 
Speech Processors 
Device, Clock Data ROM 
uPD Name Technology (MHz) (Bits) * Package Pins 
7730 ADPCM Speech Encoder/Decoder NMOS 8 - DIP 28 
77030 ADPCM Speech Encoder/Decoder NMOS 8 - DIP 28 
PLCC 44 
7755 ADPCM Speech Synthesizer CMOS 0.7 96K DIP 18 
SOP 24 
7756 ADPCM Speech Synthesizer CMOS 07 256K DIP 18 
SOP 24 
77P56 ADPCM Speech Synthesizer CMOS 0.7 256K DIP 20 
OTPROM SOP 24 
7757 ADPCM Speech Synthesizer CMOS 0.7 512K DIP 18 
SOP 24 
7759 ADPCM Speech Synthesizer CMOS 07 1024K DIP 40 
external QFP 52 


# Plastic unless ceramic (or cerdip) is specified. 
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Part Full Relocatable 
Number Full Emulator Minl-lE Minl-IE Evaluation EPROM/OTP Assembler CCompller 
(Note 1) Emulator Probe Emulator Probe Boards Device (Note 13) (Note 14) 
pPD70136GJ-12 —_1E-70136-A016 EP-70136L-A —_1E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136 
: (Note 2) (Note 2) 
uPD70136GJ-16 —_IE-70136-A016 EP-70136L-A —_IE-70136-PC EP-70136L-PC DDK-70136 - RA70136 6070136 
(Note 2) (Note 2) 
uPD70136L-16 IE-70136-A016 EP-70136L-A _1E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136 
pPD70136L-12 1E-70136-A016 EP-70136L-A —_IE-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136 
pPD70136R-12 IE-70136-A016 EP-70136L-A —_IE-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136 
(Note 3) (Note 3) 
pPD70136R-16 IE-70136-A016 EP-70136L-A —_JE-70136-PC EP-70136L-PC DDK-70136 _ RA70136 6070136 
(Note 3) (Note 3) 
uPD70208GF-8 . _1E-70208-A010 (Note 12) EB-V40MINI-IE - EB-70208 - RA70116 CC70116 
pPD70208GF-10 —_IE-70208-A010 (Note 12) EB-V40MINI-IE - EB-70208 - RA70116 €C70116 
pPD70208L-8 IE-70208-A010 JE-70000-2958 EB-V40MINI-IE ADAPT68PGA EB-70208 - RA70116 6070116 
68PLCC (Note 4) 
pPD70208L-10 IE-70208-A010 IE-70000-2958 EB-V40MINI-IE ADAPT68PGA EB-70208 - RA70116 CC70116 
68PLCC (Note 4) 
pPD70208R-8 IE-70208-A010 IE-70000-2959 EB-V40MINI-IE (Note 4) EB-70208 - RA70116 CC70116 
pPD70208R-10 IE-70208-A010 IE-70000-2959 EB-V40MINI-IE (Note 4) EB-70208 - RA70116 CC70116 
pPD70216GF-8 IE-70216-A010 (Note 12) EB-V50MINI-IE - EB70216 - RA70116 CC70116 
pPD70216GF-10 —_IE-70216-A010 (Note 12) EB-V50MINI-IE - EB70216 - RA70116 CC70116 
pPD70216L-8 IE-70216-A010 IE-70000-2958 EB-V50MINI-IE ADAPT68PGA EB70216 - RA70116 CC70116 
68PLCC (Note 4) 
pPD70216L-10 IE-70216-A010 IE-70000-2958 EB-VS50MINI-IE ADAPT68PGA EB70216 - RA70116 CC70116 
68PLCC (Note 4) 
pPD70216R-8 IE-70216-A010 IE-70000-2959 EB-VS50MINI-IE (Note 4) EB70216 - RA70116 CC70116 
pPD70216R-10 IE-70216-A010 IE-70000-2959 EB-V50MINI-IE (Note 4) EB70216 - RA70116 CC70116 
pPD70320GJ IE-70320-A008 EP-70320GJ § EB-V25MINI-IE-P EP-70320GJ DDK-70320 - RA70320 cC70116 
(Note 5) (Note 6) 
wPD70320GJ-8 IE-70320-A008 EP-70320GJ § EB-V25MINI-IE-P EP-70320GJ DDK-70320 - RA70320 CC70116 
(Note 5) (Note 6) 
pPD70320L IE-70320-A008 EP-70320L EB-V25MINI-IE-P (Note 7) DDK-70320 - RA70320 Cc70116 
pPD70320L-8 IE-70320-A008 EP-70320L EB-V25MINI-IE-P (Note 7) DDK-70320 - RA70320 cc70116 
pPD70322GJ IE-70320-A008 EP-70320GJ  EB-V25MINI-IE-P EP-70320GJ DDK-70320 - RA70320 €C70116 
(Note 5) (Note 6) 
pPD70322GJ-8 IE-70320-A008 EP-70320GJ EB-V25MINI-IE-P EP-70320GJ DDK-70320 - RA70320 CC70116 
(Note 5) (Note 6) 
pPD70322L IE-70320-A008 EP-70320L EB-V25MINI-IE-P (Note 7) DDK-70320 70P322K — RA70320 0070116 
(Note 10) 
pPD70322L-8 IE-70320-A008 EP-70320L EB-V25MINI-IE-P (Note 7) DDK-70320 70P322K RA70320 CC70116 
~ (Note 10) 
pPD70325GJ-8 IE-70325-A008 EP-70320GJ = (Note 12) (Note 12) DDK-70325 _ RA70320 6070116 
(Note 5) 
pPD70325GJ-10 —1E-70325-A008 EP-70320GJ = (Note 12) (Note 12) .DDK-70325 - RA70320 CC70116 
(Note 8) (Note 5) 
pPD70325L-8 IE-70325-A008 EP-70320L (Note 12) (Note 12) DDK-70325 - RA70320 cc70116 
pPD70325L-10 IE-70325-A008 EP-70320L (Note 12) (Note 12) DDK-70325 ~ RA70320 CC70116 
(Note 8) 
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DDK-70330 - 


DDK-70330 - 


DDK-70330 - 


IE-70330-A008 


Part Full | 
Number Full Emulator = Mini-lE 
(Note 1) Emulator Probe Emulator 
pPD70327GJ-8 1E-70320-A008 EP-70320GJ . EB-V25MINI-IE-P 
(Note 9) (Note 5) 
pPD70327L-8 IE-70230-A008 EP-70320L EB-V25MINI-IE-P 
(Note 9) 
pPD70330GJ-8 IE-70330-A008 EP-70320GJ  EB-V35MINI-IE-P 
(Note 5) 
pPD70330L-8 IE-70330-A008 EP-70320L EB-V35MINI-IE-P 
pPD70332GJ-8 1E-70330-A008 EP-70320GJ _EB-V35MINI-IE-P 
{Note 5) 
pPD70332L-8 IE-70330-A008 EP-70320L EB-V35MINI-IE-P 
pPD70335GJ-8 IE-70335-A008 EP-70320GJ = (Note 12) 
(Note 5) 
wPD70335GJ-10 —_IE-70335-A008 EP-70320GJ (Note 12) 
(Note 8) (Note 5) 
uPD70335L-8 IE-70335-A008 EP-70320L (Note 12) 
pPD70335L-10 1E-70335-A008 EP-70320L (Note 12) 
(Note 8) 
pPD70337GJ-8 IE-70330-A008 EP-70320GJ _ EB-V35MINI-IE-P 
(Note 9) - (Note 5) 
pPD70337L-8 IE-70330-A008 EP-70320L EB-V35MINI-IE-P 
(Note 9) 
pPD79011GJ-8 IE-70320-A008 EP-70320GJ (Note 12) 
(Note 11) (Note 5) 
pPD79011L-8 +lE-70320-RTOS —EP-70320L (Note 12) 
(Note 11) 
pPD79021L-8 EP-70320L (Note 12) 
(Note 11) +lE-70330-RTOS 
Notes: 
(1) Packages: 
Package Description 
GF 80-pin plastic QFP 
GJ 74-pin or 94-pin plastic QFP 
K 84-pin ceramic LCC with window 
L 68-pin or 84-pin plastic LCC 
R 68-pin PGA 
(2) The EP-70136GL-A and EP-70136L-PC contain both a 68-pin 


PLCC probe and an adapter which converts the 68-pin PLCC . . 


probes to a 74-pin QFP footprint. 


68-pin PGA parts are supported by using the EP-70136L-A 
PLCC probe or EP-70136L-PC PLCC probe, plus a PLCC 
socket with a PGA-pinout. A PLCC socket of this type is 
supplied with the EP-70136L-A. 


(3) 


(4) The EB-V40 MINI-IE and EB-V50 MINI-IE support PGA 
packages directly; the ADAPT68PGA68PLCC adapter 
converts the PGA-pinout on the MINI-IE to a PLCC footprint. 


This adapter is supplied with the MINI-IE. 
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(9) 


Relocatable 
Mini-lE Evaluation EPROM/OTP Assembler C Compiler 
Probe Boards Device (Note 10) (Note 11) 
EP-70320GJ - - .RA70320 0070116 
(Note 6) 
(Note 7) - - RA70320 0670116 
EP-70320GJ DDK-70330 - RA70320 CC70116 
(Note 6) 
(Note 7) DDK-70330 - RA70320 CC70116 
EP-70320GJ DDK-70330 - RA70320 CC70116 
(Note 6) 
(Note 7) - DDK-70330 70P322K = RA70320 CC70116 
(Note 10) 
{Note 12) RA70320 CC70116 
(Note 12) RA70320 C¢70116 
(Note 12) RA70320 CC70116 
(Note 12) DDK-70330 - RA70320 0670116 
EP-70320GJ - - RA70320 CC70116 
(Note 6) 
(Note 7) - - RA70320 CC70116 
(Note 12) - - RA70320 CC70116 
(Note 12) = - RA70320 6070116 
(Note 12) - - RA70320 Cc70116 
(5) The EP-70320GJ is an adapter to the EP-70320L, which converts 
84-pin PLCC probes to a 94-pin QFP footprint. For GJ parts, 
both the PLCC probe and the adapter are needed. 
(6) The EP-70320GJ adapter can be used to convert the supplied 
84-pin PLCC cable of the EB-V25 MINI-IE-P or EB-V35 MINI-IE-P 
to a 94-pin QFP. 
(7) The EB-V25 MINI-IE-P and EB-V35 MINI-IE-P are supplied with an 
84-pin PLCC cable. 
(8) At the current time, the emulators for the 1PD70325 and uPD70335 


are specified to 8 MHz. Contact your local NEC Sales Office for the 
latest information on 10 MHz emulation. 


Development for the 1PD70327 or 1PD70337 can be done using 
the appropriate 1PD70320 or 4PD70330 tools; however, 
debugging the programs in the Software Guard mode is 

not supported at this time. 


(10) The pPD70P322K EPROM device can be used for both wPD70322 


and pPD70332 emulation. The »PD70P322K EPROM device can 
be programmed by using the PA-70P322L Programming Adapter 
and the PG-1500 EPROM Programmer. 


NEC 


RA70116-D52 
RA70116-VVT1 
RA70116-VXT1 


_ RA70136-D52 
RA70136-VVT1 
RA70136-VXT1 


RA70320-D52 
RA70320-VVT1 
RA70320-VXT1 


For V202/V30°/ 
V4o™V50™ 


For V33™ 


For V25™ 
and V35™ 


(13) The following relocatable assemblers are available: 


(MS-DOS®) 
(VAX/VMS™) 
(VAX/UNIX™ 4.2 BSD or 
Ultrix™) 


(MS-DOS) 

(VAX/VMS) 
(VAX/UNIX 4.2 BSD or 
Ultrix) 


(MS-DOS) 

(VAX/VMS) 
(VAX/UNIX 4.2 BSD or 
Ultrix) 


V20 and V30 are registered trademarks of NEC Corporation. 


V25, V33, V35, V40 and V50 are trademarks of NEC Corporation. 


MS-DOS is a registered trademark of Microsoft Corporation. 


VAX, VMS and Ultrix are trademarks of Digital Equipment Corporation. 


UNIX is a trademark of AT&T Bell Laboratories. 


CC70136-VVT1 
CC70136-VXT1 
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Notes (continued): 

(11) For emulation of .PD79011 or pPD79021, the base emulator ‘ ; : ; 

(IE-70320 or IE-70330) plus Real-Time Operating System (14) Tneviollowing Gcompllersiaty avellable: 
software IE-70320-RTOS or IE-70330-RTOS) i ired. 
a - HOS pe reanre ©C70116-D52. For V20/V30/_ (MS-DOS) 

(12) This emulation option is not currently supported, but may be cC701 baad oe and ) ones 
available in the future. Contact your local NEC Sales Office for C701 16-VXT1 25/V3 i : ; os 
further information. trix) 

CC70136-D52 = For V33 (MS-DOS) 





(VAX/VMS) 
(VAX/UNIX 4.2 BSD or 
Ultrix) 
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Part Number Evaluation Assembler Simulator EPROM/OTP pascier 
(Note 7) Emulator Board (Note 1) (Note 2) Device (Note 3) 
pPD7720AC EVAKIT-7720B - ASM77 SIM77 pPD77P20D (Note 5) 
pPD7720AL EVAKIT-7720B (Note 4) - ASM77 SIM77 - - 
uPD77P20D EVAKIT-7720B - ASM77 SIM77 - 7 
pPD77C20AC EVAKIT-7720B - ASM77 SIM77 pPD77P20D (Note 5) 
pPD77C20AL EVAKIT-7720B (Note 4) - ASM77 SiIM77 - - 
pPD77C20ALK EVAKIT-7720B (Note 4) - ASM77 SIM77 - - 
pPD77220L EVAKIT-77220 - RA77230 $M77230 - - 
pPD77220R EVAKIT-77220 - RA77230 $M77230 pPD77P220R PA-77P230R 
pPD77P220R EVAKIT-77220 - RA77230 $M77230 - PA-77P230R 
uPD77230AR EVAKIT-77230 DDK-77230 RA77230 $M77230 pPD77P230R PA-77P230R 
pPD77P230R EVAKIT-77230 DDK-77230 RA77230 $M77230 - PA-77P230R 
pPD77C25C EVAKIT-77625 - RA77C25 - pPD77P25C/D PA-77P25C 
pPD77C25L EVAKIT-77C25 (Note 4) - RA77C25 - pPD77P25L - 
pPD77P25C EVAKIT-77625 - RA77C25 - - PA-77P25C 
pPD77P25D EVAKIT-77C25 - RA77C25 - - PA-77P25C 
uPD77P25L EVAKIT-77C25 (Note 4) - RA77C25 - = = 
pPD7755C NV-300 System EB-7759 - - pPD77P56CR PA-77P56C 
uPD7755G NV-300 System EB-7759 (Note6)  —- - pPD77P56G PA-77P56C 
uPD7756C NV-300 System EB-7759 - - pPD77P56CR PA-77P56C 
uPD7756G NV-300 System EB-7759 (Note6) - uPD77P56G PA-77P56C 
pPD77P56CR NV-300 System EB-7759 - - - PA-77P56C 
pPD77P56G NV-300 System EB-7759 (Note6) — - - PA-77P56C 
pPD7757C NV-300 System EB-7759 - - - - 
pPD7757G NV-300 System EB-7750 (Note6)  —- - - - 
pPD7759C NV-300 System EB-7759 - = - om 
pPD7759GC NV-300 System EB-7759 - - - = 
pPD77810L IE-77810 - RA77810 - - = 
pPD77810R IE-77810 - RA77810 - - - 
Notes 
(1) The following assemblers are available: (3) By using the specified adapter, the NEC PG-1500 EPROM 

Part Number Description programmer can be used to program the EPROM/OTP device. 

ASM77-D52 Assembler for 7720 (MS-DOS®) (4) Please check with your NEC Sales Representative on the 

RATIGeD- Bee. .ABeembisr fer. 77026 (MS-DOS) availability of a PLCC emulation probe. 

RA77C25-VVT1 Assembler for 77C25 (VAX/VMS™) ; 

RA77230-D52 Assembler for 77230 (MS-DOS) (5) The pPD77P20D can be programmed using the EVAKIT-7720B. 

RA77230-VVT1 Assembler for 77230 (VAX/VMS) (6) The EB-7759 comes with an emulation probe for only the 18-pin 

RA77230-VXT1 Assembler for 77230 (VAX/UNIX™ 4.2 DIP. 

BSD or Ultrix™) 


(7) Packages: 


(2) — The following simulators are available: Package Description 
Part Number | Description Cc 18, 28, or 40-pin plastic DIP 
SIM77-D52 Simulator for 7720 (MS-DOS) D 28-pin ceramic DIP 
SM77230-VVT1 Simulator for 77230 (VAX/UNIX) G 24-pin plastic SOP 
SM77230-VXT1 Simulator for 77230 (VAX/UNIX™ 4.2 GC 52-pin plastic QFP 
BSD or Ultrix) L 44-or 68-pin PLCC 
LK 28-pin PLCC 
R 68-pin ceramic PGA 


MS-DOS is a registered trademark of Microsoft Corporation. 
VAX, VMS, and Ultrix are trademarks of Digital Equipment Corporation. 
UNIX is a trademark of AT&T Bell Laboratories. 
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Section 2 
Reliability and Quality Control 


Introduction 

Built-In Quality and Reliability 

Technology Description 

Approaches to Total Quality Control 
Implementation of Quality Control 
Reliability Testing 

Life Distribution 

Failure Distribution at NEC 

Infant Mortality Failure Screening 
Long-Term Failure Rate 

Accelerated Reliability Testing 

Failure Rate Calculation/Prediction 
Product/Process Changes 

Failure Analysis 

NEC's Goals on Failure Rates 

Summary and Conclusion 

Figure 1. Quality Control System Flowchart 
Figure 2. New Product Development Flow 
Figure 3. Electrical Testing and Screening 
Figure 4. Reliability Life (Bathtub) Curve 
Figure 5. Typical Reliability Test Results 
Figure 6. NEC Quality and Reliability Targets 
Appendix 1. Typical QC Flow 

Appendix 2. Typical Reliability Assurance Tests 


Appendix 3. New Product/Process Change 
Tests 


Appendix 4. Failure Analysis Flowchart 
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Introduction 


As large-scale integration reaches a higher level of den- 
sity, the reliability of individual devices imposes a more 
profound impact on system reliability. Great emphasis has 
thus been placed on assuring device reliability. 


Conventionally, performing reliability tests and attaining 
feedback from the field are the only methods by which 
reliability has been monitored and measured. At these 
higher levels of LSI density, however, it is increasingly 
difficult to activate all of the internal circuit elements in a 
device, moreover, to detect the degradation of those 
elements by measuring characteristics across external 
terminals. As a result, testing alone may not provide 
enough information to insure today's demanding reliability 
requirements. A different philosophy and methodology is 
needed for reliability assurance. 


In order to guarantee and improve a high level of reliability 
for large-scale integrated circuits, it is essential to build 
quality and reliability into the product. Then, conventional 
testing can be performed to confirm that the product 
demonstrates acceptable reliability. 


Built-In Quality and Reliability 


NEC has introduced the concept of total quality control 
(TQC) across its entire semiconductor product line for 
implementing this philosophy. Rather than performing 
only a few simple quality inspections, quality control is 
distributed into each process step and then summed to 
form a consolidated system. TQC involves workers, engi- 
neers, quality control staffs, and all levels of manage- 
ment in company-wide activities. Please see Figure 1 for 
the quality control system flowchart. Through TQC, NEC 
builds quality into the product and thus can assure high 
reliability. Additionally, NEC has introduced a pre-screening 
method into the production line for eliminating potentially 
defective units. This combination of building quality in and 
screening projected early failures out has resulted in 
superior quality and excellent reliability. 


Technology Description 


Most large-scale integrated circuits utilize high density 
MOS technology. State-of-the-art high performance has 
been achieved by improving fine-line generation tech- 
niques. By reducing physical parameters, circuit density 
and performance increase while active circuit power dissi- 
pation decreases. The data presented here shows thatthis 
advanced technology, combined with the practice of TQC, 
yields products as reliable as those from previous tech- 
nologies. 
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Approaches to Total Quality Control 


TQC activities are geared towards total satisfaction of the 
customer. The success of these activities is dependent 
upon the total commitment of management to enhancing 
employee development, maintaining a customer-first atti- 
tude, and fulfilling community responsibilities. 


First, the quality control function is embedded into each 
process. This method enables early detection of possible 
causes of failure and immediate feedback. 


Second, the reliability and quality assurance policy reflects 
the beliefs and practices of the entire organization. This 
enables companywide quality control activities: at NEC, 
everyone is involved with the concept and methodology of 
total quality control. . 


Third, there is an ongoing research and development effort 
to set even higher standards of device quality and reliability. 


Fourth, extensive failure analysis is performed periodically 
and appropriate corrective actions are taken as preventa- 
tive measures. Process control is based on statistical data 
gathered from this analysis. 


The new standard is continuously upgraded, and the 
iterative process continues. The goal is to maintain the 
superior product quality and reliability that has become 
synonymous with the NEC name. 


Zero Defect Activities. One of the activities that involves 
every level of the NEC staff in quality control is the Zero 
Defects (ZD) Program. As the name implies, the purpose 
of the ZD program is to minimize, if not eradicate, defects 
due to controllable causes. Such activities must involve 
each and every worker and can be most effective when 
pursued by groups of workers. The groups of workers are 
organized by consideration of the following: 


* A group must have a target to pursue 


* Several groups can be organized to pursue the com- 
mon target 


* Each group must have a responsible person 


* Each group is well supported 


The item of the group target is to be selected among items 
relating to specifications, inspections, operation standards, 
and so forth. When data made in the past is available, it is 
used to make a Pareto diagram which is reviewed for 
selection of the item most conducive to quality improvement. 
Records are analyzed and compared with the target, in 
order to compute the numerical equivalents of the defects. 
Action is then taken to control these defects as required. 
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Figure 1. Quality Control System Flowchart 
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Environment and Equipment 
Control/Calibration; 

Lot Control; Corrective 
Actions; Data Analysis/ 
Feedback; Etc. 


(Fleld Data) 
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Statistical Approach. Another approach to quality control 
is the use of statistical analysis. NEC has been utilizing 
statistical analysis at each stage of LSI production devel- 
opment, trial runs, and mass production in order to build 
and maintain product quality. Some of the methods for 
implementing this statistical approach are: 


* Design of experiments 
* Control charts 


* Data analysis: Variance, correlation, regression, 
multivariance, etc. 

Variables and attributes data 
(Normally, study is done ona 


monthly basis) 


Process control sheets and other QC tools are used to 
monitor various important parameters such as Cp, Cpk, X, 
X, X-R, electrical parameters, pattern dimensions, bond 
strength, test percentage defects, etc. 


* Cp, Cpk study: 


The results of these studies are watched by the production 
staff, QC Engineers, and other responsible engineers. If 
any out-of-control or out-of-specification limit is observed, 
quick actionis taken in accordance with corrective action 
procedures. 


implementation of Quality Control 


Building quality into a product requires early detection of 
possible causes of failure at each process step, then 
immediate feedback to remove these causes. A fixed 
station quality inspection is often lacking in immediate 
feedback; it is therefore necessary to distribute quality 
control functions to each process step—including the 
conceptual stage. Following is a breakdown of the signifi- 
cant steps at which NEC has implemented these func- 
tions: 

* Product development 

* Incoming material inspection 

°* Wafer processing 

* Chip mounting and packaging 

* Electrical testing and thermal aging 

* Outgoing material inspection 

* Reliability testing 

* Process/product changes 


New Product Development Phase. The product devel- 
opment phase includes conception of a product, review of 
the device proposal, physical element design and organi- 
zation, engineering evaluation, and finally, transfer of the 
product to manufacturing. Quality and reliability are con- 
sidered at every step. The new product development flow 
is shown in Figure 2. 


Reliability and Quality Control 


Figure 2. New Product Development Flow 
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Reliability 

Evaluation ? 
Assessment 
Qualification 


Production 
Design 







Documents 
Transfer 
Trial 
Mass Production 
Quality Control in 
Production Process 





Mass 
Production - 
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Design. Design plays an extremely important role in 
determining the product quality and reliability. NEC be- 
lieves that the foundation of device quality is determined at 
the design stage. The four steps involved in the design of 
LSI devices are circuit design, mask pattern layout, proc- 
ess and product manufacturing, and package design. 
Design standards and the standardization of design steps 
have been.established to maximize quality and reliability. 


Design Review. After completion of the design, a design 

review is performed. In this review, the designis compared 

with design standards and other factors which influence 

the reliability and quality. If necessary, modification or 

redesign is then performed. NEC believes that the design 

review is very essential for not only newly designed prod- 
_ucts but also for product modifications. 


Trial Production/Evaluation/Mass Production. When 
the design passes the design review successfully, a trial 
runis carried out. The trial runis evaluated for the products’ 
characteristics and quality/reliability. 


Thorough evaluation is carried out by generating samples 
in which process conditions—ones that cause character- 
istic factors to change in mass production—are varied 
deliberately. In addition, reliability tests are conducted for 
durability, stress resistance, etc., to insure sufficient qual- 
ity and reliability. 


If no problems are found at this stage, the product is 
approved, after which mass production is possible. 


Prior to the transfer, the production Design Department 
prepares a production schedule, including the reliability 
and quality control steps relating to the production. Even 
after the mass-production has started, the standards for 
those production and control steps are always reexamined 
for improvements. 


Incoming Material Inspection. NEC has various pro- 
grams to control incoming materials. Some are: 


* Vendor/material qualification system 

* Purchasing specifications for materials 

* Incoming materials inspection 

* Inspection data feedback 

* Quality meetings with vendor 

* Vendor audits 

If any parts or materials are rejected at incoming inspec- 


tion, they are returned to the vendor with a rejection 
notification form which specifies the failure items and 
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modes. The results of these inspections are used to rate 
the vendors for future purchasing. 


In-process Quality Inspections. Typical in-process 
quality inspections done at the wafer fabrication, chip 
mounting and packaging, and device testing stage are 
listed in Appendix 1. 


Electrical Testing and Screening. A flowchart of the 
typical infant mortality screening (when required) and 
electrical testing is depicted in Figure 3. 


At the first electrical test, DC parameters are tested ac- 
cording to the electrical specifications on 100% of each lot. 
This is a prescreening prior to any infant mortality test. At 
the second electricaltest, AC functional tests as well as DC 
parameter tests are performed on 100% of each lot. If the 
percentage of defective units exceeds the limit, the lot is 
subjected to rescreen. During this time, the defective units 
undergo failure analysis, the results of which are fed back 
into the process through corrective actions. 


Figure 3. Electrical Testing and Screening 


First Electrical 
Test 
100 Percent 
Lot Burn-in 
Second Electrical 
Test 


DC Parameters 
(Full AC/DC Testing 
If No 100% Burn-in) 









*Whenever Required © 







DC Parameters, 
AC Functional 






Limit 
Yes 
Warehouse Finished 
Goods Stored 
Reliability Assurance 
Test (RAT) Sampling 


Electrical, 
Appearance, and 
Dimensions 
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Outgoing Inspection. Prior to warehouse storage, lots 
are subjected to an outgoing inspection according to the 
following sampling plan. 


* Electrical test: DC parametersLTPD 3% 


Functional test LTPD 3% 


* Appearance: Major LTPD 3% 


Minor LTPD 7% 


Reliability Assurance Tests. Samples are continually 
taken prior to shipment and subjected to monitoring relia- 
bility tests. They are taken from similar process groups, so 
it may be assumed that the samples’ reliability is represen- 
tative of the reliability of the group. 


Reliability Testing 


Reliability is defined as the characteristics of an item 
expressed by the probability that it will perform a required 
function under stated conditions for a stated period of time. 
This involves the concepts of probability, the definition of 
required function(s), and the critical time used in defining 
the reliability. 


Definition of a required function, by implication, treats the 
definition of a failure. Failure is defined as the termination 
of the ability of a device to perform its required function. A 
device is said to have failed if it shows the inability to 
perform within guaranteed parameters as given in an 
electrical specification. 


Discussion of reliability and failure can be approached in 
two ways: with respect to systems or to individual devices. 
Important considerations are the constant failure period, 
the early failure (infant mortality) period, and overall relia- 
bility level. 


With regard to individual devices, areas of prime interest 
include specific failure mechanisms, failures in acceler- 
ated tests, and failures in screening tests. 


The accumulation of norma! device failure rates constitutes 
the expected failure rate of the system hardware: the 
probability that no device failures will occur in a system is 
the product of each device's probability that it will not fail. 
The failure rate of system hardware is then the sum of the 
failure rates of the components used to construct the 
system. 


- Life Distribution 


The fundamental principles of reliability engineering pre- 

_dict that the failure rate of a group of devices will follow the 
well-known bathtub curve in Figure 4. The curve is divided 
into three regions: infant mortality, random failures, and 
wearout failures. , 





Figure 4. Reliability Life (Bathtub) Curve. 









Infant 
Mortality 
Perlod 


Failure Rate 


Wearout 
Period 


Random Failure Period 





Time ———» 
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Infant mortality, as the name implies, represents the early- 
life failures of devices. These failures are usually associ- 
ated with one or more manufacturing defects. 


After some period of time, the failure rate reaches a low 
value. This is the random failure portion of the curve, 
representing the useful portion of the life of a device. 
During this random failure period, there is a decline in the 
failure rate due to the depletion of potential random failures 
from the general population. 


The wearout failures occur at the end of the device's useful 
life. They are characterized by a rapidly rising failure rate 
over time as devices wear out both physically and electri- 
cally. 


Thus, for a device that has a very long life expectancy 
compared to the system which contains it, the areas of 
concern will be the infant mortality and the random failure 
portions of the bathtub curve. 


Failure Distribution at NEC 


In an effort to eliminate infant mortality failures, NEC 
subjects its products to production burn-in whenever nec- 
essary. This burn-in is performed at an elevated tempera- 
ture for 100 percent of the lots involved and is designed to 
remove the potentially defective units. 


To study the random failure population, integrated circuits 
returned to NEC from the field undergo extensive failure 
analysis at respective NEC Manufacturing Divisions. Fail- 
ure mechanisms are identified and data fed back to cogni- 
zant Production and Engineering groups. 


This data coupled with in-line datais then used to introduce 
corrective actions and quality improvement measures. 
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After elimination of early device failures, a system will be 
left to the random failure rate of its components. Thus, in 
order to make proper projections of the failure rate of the 
systemin the operating environment, failure rates must be 
predicted for the system's components. 


Infant Mortality Failure Screening 


Establishing infant mortality screening requires knowl- 
edge of the likely failure mechanisms and their associated 
activation energies. The most likely problems associated 
with infant mortality failures are generally manufacturing 
defects and process anomalies. These defects and anoma- 
lies generally consist of contamination, cracked chips, 
wire bond shorts, or bad wire bonds. Since these describe 
a number of possible mechanisms, any one of which might 
predominate at a given time, the activation energy for 
infant mortality varies considerably. 


Correspondingly, the effectiveness of a screening condi- 
tion—preferably at some stress level in order to shorten 
the screening time—varies greatly with the failure mecha- 
nism. For example, failures due to ionic contamination 
have an activation energy of approximately 1.0 eV. There- 
fore, a 15-hour stress at 125°C junction temperature would 
be the equivalent of approximately 314 days of operation 
at a junction temperature of 55°C. On the other hand, 
failures due to oxide defects have an activation energy of 
approximately 0.3 eV, and a 15-hour stress at 125°C 
junction temperature would be the equivalent of approxi- 
mately four day's operation at 55°C junction temperature. 
As indicated by this situation, the conditions and duration 
of infant mortality screening must be strongly dependent 
onthe allowable component, hence system, failures in the 
field, as well as the economic factors involved. 


Empirical data gathered at NEC indicates that early fail- 
ures (if any) occur after less than 4 hours of stress at 125°C 
ambient temperature. This fact is supported by the bathtub 
curve created from the life test results of the same lots, 
where the failure rate shows a random distribution as op- 
posed to a decreasing failure rate that runs into the random 
failure region. . . 


Whenever necessary, NEC has adopted this initial infant 
mortality burn-in at 125°C as a standard production screen- 
ing procedure. As a result, the field reliability of NEC 
devices is.an order of magnitude higher than the goal set 
for NEC's integrated circuit products. 


NEC believes itis imperative that failure modes associated 
with infant mortality screens be understood and fixed at the 
manufacturing level. If such failures can be minimized. or 
eliminated, and countermeasures appropriately monitored, 
then such screens can be eliminated. 


NEC 


Long-Term Failure Rate 


NEC's long-term failure rate goal, based on the mask and 
process design, is confirmed by life testing using the 
following conditions: , 


* Aminimumof 1.2 million device hours (= sample size x 
test period) at 125°C should be accumulated to obtain 
the accuracy necessary for predicting a failure rate of 
0.02% per 1000 hours at 55°C with a 60% confidence 
level. 


* A minimumof3 million device hours at 125°C should be 
accumulated to obtain the accuracy necessary for 
predicting a failure rate of 0.01% per 1000 hours at 55°C 
with a 60% confidence level. 


Accelerated Reliability Testing 


NEC performs extensive reliability testing both at pre- 
production and post-production levels to insure that its 
products meet the minimum expectations set by NEC. 
Accelerated reliability testing results are then used to 
quantitatively monitor the reliability. 


Asan example, assume that an electronic system contains 
1000 integrated circuits and can tolerate 1 percent system 
failures per month. The failure rate per component is: 


1% Failures = .0014 % Failures 


720 Hours x 1000 Pcs. 1000 Hrs 
ori4FITs — 


To demonstrate this failure rate, note that 14 FITs corre- 
spond to one failure in about 85 devices during an operat- 
ing test of 10,000 hours. It is quickly apparent that a test 
condition is required to accelerate the time-to-failure in a 
predictable and understandable way. The implicit require- 
ment for the accelerated stress testis that the relationship 
between the accelerated stress testing condition and the 
condition of actual use be known. 


A most common time-to-failure relationship involves the 
effect of temperature, which accelerates many physio- 
chemical reactions which may lead to device failure. Other 
environmental conditions are voltage, current, humidity, 
vibration, or some combination of these. Appendix 2 lists 
typical reliability assurance tests performed at NEC for 
molded integrated circuits. Figure 5 shows the results of 
some of these tests for various process types. 


High-Temperature Operating Life Test. This testis used 
to accelerate failure mechanisms by operating devices at 
an elevated temperature of 125°C. The data obtained is 
translated to a lower temperature by using the Arrhenius 
relationship. , 
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Figure 5. Typical Reliability Test Results 


HTB TH PCT TIC 
Micro:' 
NMOS 7/19113 15/9315 0/11752 — 
(15 FIT) 
CMOS 3/11892 2/7293 8/9476 _ 
(5.4 FIT) 
Memory: [HTOL] 
DRAM? 10/10052 0/9958 0/5880 1/2995 
(19 FIT) 
SRAM? 1/10421 2/8142 0/8768 —_ 
1 MEG DRAM4 38/14300 0/3634 1/3060 1/1780 
(115 FIT) 
Asic:5 
CMOS 2/3506 Viti 1/4764 4/2680 
(33 FIT) 
ECL 0/1080 _ — 0/141 
(8.4 FIT) 
BiCMOS 1/895 0/1073 0/935 0/1781 
(18 FIT) 


Information has been extracted from NEC Report Numbers: 


'TRQ-89-05-0030 2 TRQ-89-01-0021 
3 TRQ-88-09-0008 4TRQ-89-01-0020 
5 TRQ-89-04-0025 


High-Temperature and High-Humidity Test. Semicon- 
ductor integrated circuits are highly sensitive to the effect 
of humidity causing electrolytic corrosion between biased 
lines. The high-temperature and high-humidity test is per- 
formed to detect failure mechanisms that are accelerated 
by these conditions, such as leakage-related problems 
and drifts in device parameters due to process instability. 


High-Temperature Storage Test. Another common test 
is the high-temperature storage test, in which devices are 
subjected to elevated temperatures with no applied bias. 
This test is used to detect process instability and stress 
migration problems. 


Environmental Tests. Other environmental tests are per- 
formed to detect problems related to the package, mate- 
"rial, susceptibility to extremes in environment, and prob- 
lems related to usage of the devices. 


Failure Rate Calculation/Prediction 


When predicting the failure rate at a certain temperature 
from accelerated life test data, the activation energies of 
the failure mechanisms involved should be considered. 
This is done whenever the exact cause of failures is known 
through failure analyses results. 
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In some cases, an average activation energy is assumed 
in order to accomplish a quick first order approximation. 
NEC assumes an average activation energy of 0.7 eV for 
such approximations. This average value has been as- 
sessed from extensive reliability test results and yields a 
conservative failure rate. 


Since most semiconductor failures are temperature de- 
pendent, the Arrhenius relationship is used to normalize 
failure rate predictions at a system operation temperature 
of 55°C. It assumes that temperature dependence is an 
exponential function that defines the probability of occur- 
rence, and that the degradation of a performance parame- 
ter is linear with time. The Arrhenius model includes the 
effects of temperature and activation energies of the 
failure mechanisms in the following Arrhenius equation: 


A = exp -E, (T,,-Ty) 
K(T,,) (Ty) 


A = Acceleration factor 

E, = Activation energy 

T,, = Junction temperature (in K) 
at T,, = 55°C 

T,. = Junction temperature (in K) 
at T,, = 125°C 

k = Boltzmann's constant 
= 8.62 x 105 eViK. 


Because the thermal resistance and power dissipation of 
a particular device type cannot be ignored, junction 
temperatures (T,, and T,,) are used instead of ambient 
temperatures (T,, and T,,). We calculate junction 
temperatures using the following formula: 


T, = T, + (Thermal Resistance) (Power Diss. at T,) 


inorder to estimate long term failure rate, the acceleration 
factor must be used to determine the simulated test time. 
From the high temperature operating life test results, 
failure rates can then be predicted at a 60% confidence 
level using the following equation: 


_ 108 
~  2T 
Where: 
L = Failure rate in %/1000 hours 
*X? = The tabular value of chi-squared distribution at a 


given confidence level and calculated degrees of 
freedom (2f + 2, where f = number of failures) 


T 


tt 


# of equivalent device hours 


= (# of devices) x (# of test hours) 
x (acceleration factor) 
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*Since the failures of concern-here are the random, not the 
infant mortality failures (that is, the end of the downward 
slope and the middle-constant-section of the bathtub curve 
in Figure 4), Xis determined assuming aone- -sided, fixed 
time test. 


Another method of expressing failures is in FITs (failures 
in time). One FIT is equal to one failure in 10° hours. Since 
Lis already expressed as %/1000 hours (10-* failure/hr), 
an easy conversion from %/1000 hours to FIT would be to 
multiply the value of L by 104. 


EXAMPLE: A sample of 960 pieces was subjected to 
1000 hours 125°C burn-in. One reject was observed. 
Given that the acceleration factor was calculated to be 
34.6 using the Arrhenius equation, what is the failure rate 
normalized to 55°C using a confidence level of 60%? 
Express the failure rate in FIT: 


Solution: 
Forn=2f+2=2(1)+2=4, X?= 
X? 10° 


4.046. 





ThenL = (%/1000 hour) 


2 X? 108  (%/1000 hr) 
2 (# of dev.) (# of test hrs.) (accl. factor) 


(4.046) 108 
2(960) (1000) (34.6) 


Therefore, FIT = 0.0061 e (10%) = 61 


= 0.0061 (%/1000 hr) 


Figure 6. NEC Quality and Reliability Targets 
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Product/Process Changes 


As mentioned previously, a design review is performed for 
product modifications or changes. Once the design is 
approved, and processes altered (if necessary) for maxi- 
mum quality, the device goes through qualification testing 
to check the reliability. If the test results are acceptable, 
the product is released for mass production. 


Testing is also performed when only a process modifica- 
tion or change is made. 


The typical qualification/process change tests are listedin 
Appendix 3. 


Failure Analysis 


At NEC, failure analysis is performed not only on field fail- 
ures, but also routinely on products which exhibit defects 
during the production process. This datais closely checked 
for correlation with the production process quality informa- 
tion, inspection results, and reliability test data. Informa- 
tion derived from these failure analyses is used to improve 
product quality. 


As there are a lot of failure mechanisms of LSI devices, 
highly advanced analytical technologies are required to 
investigate such failures in detail. The standard failure 
analysis flowchart relating to the returned products from 
customers is shown in Appendix 4. 


NEC's Goals on Failure Rates 


The reject rate at customer's incoming inspection, the 
infant mortality rate, and the long term reliability, are all 
monitored and checked against NEC's quality and reliability 
targals (listed in ee 6). 








| Memory | 


aor 
ele 
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Summary and Conclusion 


As has been discussed, building quality and reliability into 
products is the most efficient way to ensure product 
success. NEC's approach of distributing quality control 
functions to process steps, then forming a total quality 
control system, has produced superior quality and excel- 
lent reliability. 


Prescreening, whenever necessary, has been a major 
factor in improving reliability. In addition, monthly reliabil- 
ity assurance tests have ensured high outgoing quality 
levels. 


Reliability and Quality Control 


The combination of building quality into products, effective 
prescreening of potential failures, and monitoring of relia- 
bility through extensive testing, has established a singu- 
larly high standard of quality and reliability for NEC's large- 
scale integrated circuits. 


Through a companywide quality control program, continu- 
ous research and development activities, extensive failure 
analysis, and process improvements, this higher standard 
of quality and reliability will continuously be set and main- 
tained. 
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Appendix 1 Bets 
Typical QC Flow for CMOS Fabrication 





: WAFER FABRICATION PROCESS Qc FLOW (CMOS) 
FLOW ‘ 


PROCESS MATERIAL IN-PROCESS INSPECTION/QUALITY MONITOR 
Silicon Wafer 
Incoming Resistivity (sampling by lot) 
~ Inspection Dimension (sampling by lot) 
: Visual (sampling by lot) 
Wall 
Formation 
Oxidation Oxide Thickness (sampling by lot) 
Photo Lithography Alignment and Etching Accuracy (sampilng by jot) 


Layer Resistance (samplilng by day) 
lon Implantation 


Fleld 
Formation 
Deposition Deposit Thickness (sampling by lot) 
Photo Lithography Alignment and Etching Accuracy (sampling by lot) 
Oxide Thickness (sampling by lot) 
Oxidation 
Channel Stopper 
Formation 
Photo Lithography Alignment and Etching Accuracy (sampling by lot) 
Layer Resistance (sampling by lot 
jon Implantation Oxide Thickness (sampling by lot) 
Oxidation 
Gate 
Formation 
Deposition Deposit Thickness (sampling by lot) 
Doping Layer Resistance (sampling by lot) 
Photo Lithography Allgnment and Etching Accuracy (sampling by lot) 


Gate Electrode Width (sampling by lot) 


p/n SD Formation 


Photo Lithography Alignment and Etching Accuracy (sampling by lot) 
Layer Resistance (sampling by tot) 
Jon Implantation 
Anneal 
Contact 
Hole 
Deposition Deposit Thickness (sampling by lot) 

Photo Lithography Alignment and Etching Accuracy (sampling by lot) 


Metallization 


Metal Deposition Metal Thickness (sampling by run) 
Photo Lithography Alignment and Etching Accuracy (sampling by lot) 
Parametric Test (sampling by fot) 
Alloy 
Deposition Deposit Thickness (sampling by lot) 
Photo Lithography Alignment and Etching Accuracy (sampling by lot) 


Wafer Sort 


Contact Hole and Metallization Steps are Repeated Twice 
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Appendix 
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Typical QC Flow for PLCC Assembly/Test 
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Process/Materials 
Sorted Wafers 


Wafer Visual 


Dicing 
Break and Expand 


Die Visual Inspection 


Lead Frames 


Die Attached 


Epoxy Cure 
(Not Done for Gold 
Die Attached product) 


Fine Wire 


Wire Bonding 


Pre-Seal Visual 
Inspection 


Molding Compound 


Molding 


Mold Aging 


Deflashing 


Plating 


The Check of Manufacturing Conditions 


The Check of Manufacturing Qualities 

































































Check Frequency | Instrument Checked Check Frequency | Instrument Checked 
Items By Item By 
Wafer Visual 100% (Naked Eye) | Operator 
+ <I aaa’ 
Table Speed Indicators P.C. Sawing Before Microscope | Operator 
DI Water Gauges Dimensions Running with Filter 
Blade Height Eyepiece 
Wafer Break | indicators Wafer Visual 100% (Naked Eye) | Operator 
Conditions Gauges 
Wafer Expand 
Conditions 3} asl} 
Die | Every Lot | Microscope | Operator 
Visual Sampling 
(Or 100%) | i 
Die Attached Indicators i P.C. Die Visual Every (Naked Eye) | Operator 
Conditions Thermocouple, Epoxy Magazine 
Potentiometer Coverage , 
Temperature Every Shift | Microscope 
: ks aes es 
Heat Indicators P.C. Shear Every |Dynamometer; Operator 
Temperature Gauges Strength Shift 
N> Flow 
Bonding Indicators Visual Every Microscope | Operator 
Conditions Magazine 
Temperature Thermocouple Wire Pull Every Tension Operator 
and Test Shift Gauge 
Potentiometer 
Die Every Lot | Microscope | Inspector 
Visual Sampling 
19 
| (or 100%) =H 
Temperature Every Thermocouple P.C. 
of Pellet, Shift 
Expiration Date 
Temperature | Every Shift | Thermocouple, P.C. Visual 100% (Naked Eye) | Operator 
Profile of Potentiometer 
Die Set 
Preheat 
Temperatue 
Pressure 
Cure Time | —_ 
Temperature Every Shift Indicator P.C. | 
| 
| 
Deflashing | Every Shift Indicators P.C. Visual Every Lot | (Naked Eye) | Operator 
Conditions 
Concentration |Every Week Titration Tech. 
Density Every Week| Density Meter | Tech. 
Water Jet 
Pressure Every Day Gauge is Tech. 
Plating Every Day | Indicators P.C. 
Conditions 
Concentration | Every Wee Titration Tech. 
83V0-69140B8 
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Appendix 1 
Typical QC Flow for PLCC Assembly/Test (Cont.) 





” 














The Check of Manufacturing Conditions 





The Check of Manufacturing Qualities 






































P / 
pocese(M storia Check Frequency} Instrument Checked Check Frequency | Instrument Checked 
items By Item By 
Plating Inspection Visual Every Lot | (Naked Eye) | Technician 
Plating 
Thickness Every Lot X-ray Technician 
Composition | Every Lot X-ray Technician 
pe Solderability Once/Day | (Naked Eye) | Technician 
Marking Ink Marking Indicators P.C. Visual Every Lot | (Naked Eye) | Operator 
Conditions 
Marking 
Mark Cure Temperature [ee Every Thermocouple he P.C. Marking Twice/Shift oe | Operator 
Shift Permanency Tester 
Dimensions (Every Shift Test Jig. Operator Visual Every Lot | (Naked Eye) | Operator 
Lead Forming (Before Caliper : 
Running) fe 
Final Assembly Inspection Visual Every Lot | Mecniine | Operator 
P.M. Check | Every Day Operator “| 
1st Electrical Sorting Sample Before Operator | Electrical 400% IC Tester | Operator 
Check Testing Characteristics 
Burn-In Every Indicator P.C. 
Burn- 
urn-In (Whenever Necessary) Conditions Batch 
Every Day Operator 
ist Electrical Sorting Before Operator | Electrical 100% IC Tester | Operator 
Testing Characteristics 
Reliability Assurance Test ay 
eel 
Every Day P.M. Jig. a3 Electrical Every Lot | IC Tester =I Inspector 
Before Test Characteristics 
in-Warehouse Inspection Testing Samples Visual (Major) | Every Lot ee Inspector 
Microscope 
| | Visual (Minor) | Every Lot | (Naked Eye) | Inspector y 
Warehousing 
i LL. a if J 
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Appendix 2 
Typical Reliability Assurance Tests 





The life tests performed by NEC consistofhightemperature § mechanical tests are performed. The table below shows 
bias life (HTB), high temperature storage life (HTSL), high — the conditions of the various life tests, environmentaltests, 
temperature/high humidity (T/H), andhigh humidity storage | and mechanical tests. 

life (HHSL) tests. Additionally, various environmental and 








MIL-STD-883C 
Test Item Symbol Method Condition Remarks 
High Temperature HTB 1005 T, = 125°, V,, specified per device type. (Note 1) 
Bias Life 
High Temperature HTSL 1008 T, = 150%. (Note 1) 
Storage Life 
High Temperature/ TH T, = 85°C, RH = 85%, V_, = 5.5 V. (Note 1) 
High Humidity 
High Humidity HHSL T, = 85°C, RH = 85%, (Note 1) 
Storage Life 
Pressure Cooker PCT T, = 125%, P = 2.3 atm. (Note 1) 
Temperature Cycling TiC 1010 - 65% to 150%, 4 hr/cycle. (Note 1) 
Lead Fatigue C3 2004 90° bends. 3 bends without breaking. (Note 2) 
Solderability C4 2003 230%, 5 sec, Rosin Base Flux. (Note 3) 
Soldering Heat/ C6 (Note 4) 260°, 10 sec, Rosin Base Flux/ (Note 1) 
Temperature Cycle/ 1010 10-1 hr cycles, -65°C to 150°C/ 
Thermal Shock 1011 15-10 min cycles, 0°C to 100°C 
Notes: 


(1) Electrical test per data sheet is performed. Devices that exceed the data (3) Less than 95% coverage is considered to be a reject. 
sheet limits are considered to be rejects. (4) MIL-STD-750A, method 2031. 


(2) Broken lead is considered to be a reject. 
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Appendix 3 
New Product / Process Change Tests 














Newly 
Developed = Shrink New 
Test Item Test Conditions Sample Size Product Die Package Wafer Assembly 
High Temp. See Appendix 2, 1000H 20 to 50 pes 0 0 0 0 0 
Operating Life X 1 to 3 lots 
High Temp. T = 150° (Plastic), 10 to 20 pes 0 0 0 0 0 
Storage Life 175°C (Ceramic), 1000H X 1 to 3 lots 
High Temp. and See Appendix 2, 1000H 20 to 50 pes 0 0 0 0 0 
Humidity Bias Life X 1 to 3 lots 
(Plastic Device) 
Pressure cooker See Appendix 2, 288H 10 to 20 pes 0 0 0 0 0 
(Plastic Device) X 1 to 3 lots 
Thermal See Appendix 2 . 10 to 20 pcs 0 X 0 X 0 
Environmental X 1 to 3 lots 
Mechanical 20G, 10 to 2000 Hz 10 to 20 pes 
Environmental 1500G, 0.5 ms X 1 to 3 lots 0 X 0 X 0 
(Ceramic Device) 20000G, 1 min 
Lead Fatigue See Appendix 2 5 pes xX _ X _ X 
X 1 to 3 lots 
Solderability See Appendix 2 5 pes X _ X _ X 
X 1 to 3 bots 
ESD (1) C = 200 pF, R=02 20 pes 0 0 X 0 x 
(2)C = 100 pF, R=1.5KQ X 1 to 3 lots 
Long Term T/C See Appendix 2, 1000 cy 10 to 50 pes 0 0 0 0 0 
X 1 to 3 lots 


0-Performed X-Perform ifNecessary —-— Not Performed 
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Appendix 4 
Failure Analysis Flowchart 














INFORMATION 
Fallure mode: 
Situation, When Fallure 
Appeared: etc. 





Analysis of 
Information 
External 
Inspection 
Electrical 
Characteristics 
















DC/Functlon Testing 
by Tester Curvetracer 


Stress 
Test 
Failure 
Report 









Test correlation 
May be Needed 









Due to the Case: X-ray Fluoroscope, 
Hermetical Test, Dew-point Test, 
Curvetracer Check, etc. 


Non-destructive 
Analysis 
Seml-Destructive 
Analysis 


Not 
Clear 


Destructive 
Analysis 
Fallure 
Report 


Lt 83v0-6938A 





Decapsulation, Internal Visual 
Check, Electrical Measurement, 
Circuit Analysis 








Etching the Passivation, etc. 
SEM, XMA, Cross-section, etc. 





Estimation of Causes 
Countermeasures 
Corrective Action 
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16-Bit CPUs 


Section 3 
16-Bit CPUs 


pPD70108 (V20) 


8/16-Bit Microprocessor: 
High-Performance, CMOS 


pPD70116 (V30) 
16-Bit Microprocessor: 
High-Performance, CMOS 


»PD70208 (V40) 
8/16-Bit Microprocessor: 
High-Integration, CMOS 
pPD70216 (V50) 

16-Bit Microprocessor: 
High-Integration, CMOS 
pPD70136 (V33) 

16-Bit Microprocessor: 
High-Speed, CMOS 
pPD70236 (V53) 

16-Bit Microprocessor: 
High-Speed, High-Integration, CMOS 


3a 


3b 


3c 


3d 


3e 


3f 


NEC 


NEC 


NEC Electronics Inc. 


yuPD70108 (V20) 
8/16-Bit Microprocessor: 
High-Performance, CMOS 





Description 


The uvPD70108 (V20®) isa CMOS 16-bit microprocessor 
with internal 16-bit architecture and an 8-bit external 
data bus. The vPD70108 instruction set is a superset of 
the vPD8086/8088; however, mnemonics and execution 
times are different. The wPD70108 additionally has a 
powerful instruction set including bit processing, 
packed BCD operations, and high-speed multiplication/ 
division operations. The wPD70108 can also execute 
the entire 8080 instruction set and comes with a 
standby mode that significantly reduces power con- 
sumption. It is software-compatible with the u.PD70116 
16-bit microprocessor. 


Features 


1 Minimum instruction execution time: 250 ns 
(at 8 MHz), 200 ns (at 10 MHz) 

[1 Maximum addressable memory: 1 Mbyte 

O Abundant memory addressing modes 

O 14 x 16-bit register set 

0 101 instructions 

C Instruction set is a superset of 4PD8086/8088 
instruction set: 

QO) Bit, byte, word, and block operations 

CO Bit field operation instructions 

O Packed BCD instructions 

0 Multiplication/division instruction execution time: 
2.4 us to 7.1 ws (at 8 MHz), 1.9 us to 5.7 us at 10 MHz 

C1 High-speed block transfer instructions: 
1 Mbyte/s (at 8 MHz), 1.25 Mbyte/s (at 10 MHz) 

CL) High-speed calculation of effective addresses: 
2 clock cycles in any addressing mode 

O) Maskable (INT) and nonmaskable (NMI) 
interrupt inputs 

CL) IEEE-796 bus compatible interface 

CJ) 8080 emulation mode 

CO) CMOS technology 

C] Low power consumption 

CO Low-power standby mode 

QO Single power supply 

O 8 MHz or 10 MHz clock 


V20 is a registered trademark of NEC Corporation. 


§0028-1 (NECEL-010) 





Ordering Information 


Part Max Frequency 
Number of Operation Package Type 
uPD70108C-8 8 MHz 40-pin plastic DIP 
C-10 10 MHz 
L-8 8 MHz 44-pin PLCC 
L-10 10 MHz 
GC-8 8 MHz 52-pin plastic QFP 
10 MHz (P52GC-100-3B6) 


GC-10 


Pin Configurations 


40-Pin Plastic DIP 


38 [-] A16/PSo 
37 [1] A17/PS1 
36 [) A18/PS2 
35 [1 A1i9/PS3 
34 [] LBSO [HIGH] 


31 1 HLDRQ [RQ/AKo] 


30 [7 HLDAK [RQ/AK]] 
29 1] WR [BUSLOCK] 
28 1 10/M [BS2] 

27 (1 BUFR/W [BS] 
26 1] BUFEN [BSo] 

25 [1] ASTB [QSo] 

24 7] INTAK [QS}4] 


22 [] READY 
21 [7] RESET 


83-004104B 


vPD70108 (V20) 


Pin Configurations (cont) 


44-Pin Plastic Leaded Chip Carrier (PLCC) 
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A18/PS2 C] 4 28 1 ASTB [QSo] 


A17/PS4 [41 27 1 INTAK [QS4] 


A16/PSo ( 





25 [) READY 
24 [] RESET 






52-Pin Plastic QFP 


50 F LBSO [HIGH] 

47 1] HLDRQ [RQ/AKo] 
45 [1 HLDAK [RQ/AK1] 
44 [1] WR [BUSLOCK} 
42 1] BUFR/W [BS1] 

41 [1 BUFEN [BSo] 


© 511 A1g/PS3 


Aia/PS2 CT 
A17/PS; 
Ai6/PSo FJ 





Pin identification 


Symbol Direction 
Ic* 
Ay4- Ag Out 
AD7 - ADp In/Out 
NMI In 
iNT In 
CLK In 
GND 
RESET In 
READY In 
POLL In 
INTAK (QS}) Out 
ASTB (QSp) Out 
BUFEN (BSp) Out 
BUFR/W (BS}) Out 
10/M (BS») Out 
WR (BUSLOCK) Out 
HLDAK (RQ/ AK) Out 
(In/Out) 
HLDRQ (RQ/AKo) In® 
(In/Out) 
RD Out 
s/LG In 
LBSO (HIGH) Out, 
Ai9/PSs - Out 
Aig/PSp 
At Out 
Vpp 


NEC 


Function 

Internally connected 
Address bus, middle bits 
Address/data bus 


Nonmaskable interrupt 
input 


_ Maskable interrupt input 


Clock input 

Ground potential 
Reset input 

Ready input 

Poll input 

Interrupt acknowledge 


output (queue status bit 1 
output) 


Address strobe output 
(queue status bit 0 output) 


Buffer enable output (bus 
status bit 0 output) 


Buffer read/write output 
(bus status bit 1 output) 


Access is |/0 or memory 
(bus status bit 2 output) 


Write strobe output (bus 
lock output) 


Holdacknowledge output, 
(bus hold request 
input/acknowledge 
output 1) 


\ 


Hold request input (bus hold 
request input/acknowledge 
output 0) 


Read strobe output 


Small-scale /large-scale 
system input 


Latched bus status output 0 
(always high in large-scale 
systems) 


Address bus, high bits or 
processor status output 


Address bus, bit 15 
Power supply 


Notes: * IC should be connected to ground. 


Where pins have different functions in small- and large- 
scale systems, the large-scale system pin symbol and 


function are in parentheses. 


Unused input pins should be tied to ground or Vpp to 
minimize power dissipation and prevent the flow of poten- 


tially harmful currents. 
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Block Diagram 


Internal Address/Data Bus 


Ai6/PSo — Ay9/PS3 
Ag — Ais 


Bus 


ay 


AD) — AD7 


LBSO _ 

BUFEN (BSo], BUFR/W [8S}] 
10/M [BS2] 

ASTB [QSo], INTAK [QS1] 
RD, WR [BUSLOCK] 


Status 
Control 


T-State Bus Hold HLDRQ [RQ/AKo] 


' a 
Control Contro! HLDAK [RQ/AKj]} 


interrupt 
Control 





Bus 
Control Unit 
[BCU] 





Execution 
Unit 
Effective Address (EXU] 
Generator 





Microinstruction . 
Storage a ) Micro Data Bus 


Microaddress Register 


Cc 

TA 
Shifter 

TB 


Microsequence 
Control 


Queue Data Bus [8] 


Instruction Decoder 


Sub Data Bus [16] Main Data Bus [16] 
83-000072C 
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Pin Functions 


Some pins of the uPD70108 have different functions 
according to whether the microprocessor is used ina 


small- or large-scale system. Other pins function the ~ 


same way in either type of system. 


Ais - Ag [Address Bus] 
For small- and large-scale systems. 


The CPU uses these pins to output the middle 8 bits of 
the 20-bit address data. They are three-state outputs 
and become high impedance during hold acknowledge. 


AD7 - ADo [Address/ Data Bus] 
For small- and large-scale systems. 


The CPU uses these pins as the time-multiplexed 
_ address and data bus. When high, an AD bit is a one; 
when low, an AD bit is a zero. This bus contains the 
lower 8 bits of the 20-bit address during T1 of the bus 
cycle and is used as an 8-bit data bus during T2, T3, 
and T4 of the bus cycle. 


Sixteen-bit data |/O is performed in two steps. The low 
byte is sent first, followed by the high byte. The ad- 
dress/data bus is a three-state bus and can be ata high 
or low level during standby mode. The bus will be high 
impedance during hold and interrupt acknowledge. 


NMI [Nonmaskable Interrupt] 
For small- and large-scale systems. 


This pin is used to input nonmaskable interrupt 
requests. NMI cannot be masked by software. This 
inputis positive edge triggered and must be held high 
for five clocks to guarantee recognition. Actual inter- 
rupt processing begins, however, after completion of 
the instruction in progress. 


The contents of interrupt vector 2 determine the 
starting address for the interrupt-servicing routine. 
Note that a hold request will be accepted even during 
NMI acknowledge. 


This interrupt will cause the wPD70108 to exit the 
standby mode. 


INT [Maskable Interrupt] 
For small- and large-scale systems. 


This pin is an interrupt pace that can be masked by 
software. 


INT is active high level and is sensed during the last 
clock of the instruction. The interrupt will be accepted 
if the interrupt enable flag IE is set. The CPU outputs 
the INTAK signal to inform external devices that the 
interrupt request has been granted. INT must be 
asserted until the interrupt acknowledge is returned. 


If NMI and INT interrupts occur at the same time, NMI 
has higher priority than INT and INT cannot be 


NEC 


accepted. A hold request will be accepted during INT 
acknowledge. 


This interrupt causes the uPD70108 to exit the standby | 
mode. 


CLK [Clock] 
For small- and large-scale systems. 


This pin is used for external clock input. 


RESET [Reset] 
For small- and large-scale systems. 


This pin is used for the CPU reset signal. It is an active 
high level. Input of this signal has priority over all other 
operations. After the reset signal input returns to a low 
level, the CPU begins execution of the program starting 
at address FFFFOH. 


in addition to causing normal CPU start, RESET input 
will cause the yPD70108 to exit the standby mode. 


READY [Ready] 
For small- and large-scale systems. 


When the memory or I/O device being accessed 
cannot complete data read or write within the CPU 
basic access time, it can generate a CPU wait state 
(Tw) by setting this signal to inactive (low level) and 
requesting a read/write cycle delay. 


\f the READY signal is active (high level) during either 
the T3 or Tw state, the CPU will not generate a wait 
state. READY is not synchronized internally. To 
guarantee correct operation external logic must ensure 
that setup and hold times relative to CLK are met. 
POLL [Poll] 

For small- and large-scale systems. 

The CPU checks this input upon execution of the POLL 
instruction. If the input is low, then execution continues. 
If the input is high, the CPU will check the POLL input 
every five clock cycles until the input becomes low 
again. 


The POLL and READY functions are used to syn- 


chronize CPU program execution with the operation of 


external devices. 


RD [Read Strobe] 
For small- and large-scale systems. 


The CPU outputs this strobe signal during data read 
from an I/O device or memory. The |O/M signal is used 
to select between I/O and memory. 


The three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 


NEC 
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S/LG [Small/Large] 
For small- and large-scale systems. 


This signal determines the operation mode of the CPU. 
This signal is fixed at either a high or low level. When 
this signal is a high level, the CPU will operate in small- 
scale system mode, and when fow, in the large-scale 
system mode. A small-scale system will have at most 
one bus master such asa DMA controller device on the 
bus. A large-scale system can have more than one bus 
master accessing the bus as well as the CPU. 


INTAK [Interrupt Acknowledge] 
For small-scale systems. 


The CPU generates the INTAK signal low when it 
accepts an INT signal. 


The interrupting device synchronizes with this signal and 
outputs the interrupt vector to the CPU via the data bus 
(AD7 - ADo). INTAK is a held at a high level in the 
standby mode. 


ASTB [Address Strobe] 
For small-scale systems. 


The CPU outputs this strobe signal to latch address 
information at an external latch. 


ASTB is held at a low level during standby mode and 
hold acknowledge. 


BUFEN [Buffer Enable] 
‘ For smali-scale systems. 


This is used as the output enable signal for an external 
bidirectional buffer. The CPU generates this signal during 
data transfer operations with external memory or 
1/O devices or during input of an interrupt vector. 


This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 


BUFR/W [Buffer Read/Write] 
For small-scale systems. 


The output of this signal determines the direction of 
data transfer with an external bidirectional buffer. A 
high output causes transmission from the CPU to the 
external device; a low signal causes data transfer from 
the external device to the CPU. 


BUFR/W is a three-state output and becomes high 
impedance during hold acknowledge. 


10/M [10/Memory] 
For small-scale systems. 


The CPU generates this signal to specify either I/O 
access or memory access. A high-level output specifies 
1/O and a low-level signal specifies memory. 


10/M’s output is three state and becomes high 
impedance during hold acknowledge. 


WR [Write Strobe] 
For small-scale systems. 


The CPU generates this strobe signal during data write 
to an I/O device or memory. Selection of either I/O or 
memory is performed by the |O/M signal. 


This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 


HLDAK [Hold Acknowledge] 
For small-scale systems. 


The HLDAK signal is used to indicate that the CPU 
accepts the hold request signal (HLDRQ). When this 
signal is a high level, the address bus, address/data 
bus, and the control lines become high impedance. 


HLDRQ [Hold Request] 
For small-scale systems. 


This input signal is used by external devices to request 
the CPU to release the address bus, address/data bus, 
and the control bus. 


LBSO [Latched Bus Status 0] 
For small-scale systems. 


The CPU uses this signal along with the 1O/M and 
BUFR/W signals to inform an external device what the 
current bus cycle is. 


10/M BUFR/W LBSO Bus Cycle 





0 0 0 Program fetch 

0 0 1 Memory read 

0 1 0 Memory write 

0 1 1 Passive state 

1 0 0 Interrupt acknowledge 
1 0 1 1/0 read 

1 1 0 1/0 write 

1 1 1 Halt 
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Ai9/PS3 - A1¢/PSo [Address Bus/Processor Status] 
For small- and large-scale systems. 


These pins are time multiplexed to operate as an 
address bus and as processor status signals. 


When used as the address bus, these pins are the high 4 
bits of the 20-bit memory address. During I/O access, 
all 4 bits output data 0. 


The processor status signals are provided for both 
memory and I/O use. PS3 is always Oin the native mode 
and 1 in 8080 emulation mode. The interrupt enable 
flag (IE) ison pin PSo. Pins PS; and PSg indicate which 
memory segment is being accessed. 


Ay7/PS, Ayg/PSp Segment 
0 0 Data segment 1 
0 1 Stack segment 
1 0 Program segment 
1 1 Data segment 0 


The output of these pins is three state and becomes 


high impedance during hold acknowledge. 


QS}, QSp [Queue Status] 
For large-scale systems. 


The CPU uses these signals to allow external devices, 
such as the floating-point arithmetic processor chip, 
(uPD72091) to monitor the status of the internal CPU 
instruction queue. 


Qs; QSo Instruction Queue Status 
0 0 NOP (queue does not change) 
0 1 First byte of instruction 
1 0 Flush queue 
1 1 Subsequent bytes of instruction 


The instruction queue status indicated by these signals 


is the status when the execution unit (EXU) accesses 
the instruction queue. The data output from these pins 
is therefore valid only for one clock cycle immediately 
following queue access. These status signals are 
provided so that the floating-point processor chip can 
monitor the CPU’s program execution status and 
synchronize its operation with the CPU when control is 
passed to it by the FPO (Floating Point Operation) 
instructions. These outputs are held at a low level in the 
standby mode. 


BS2 - BS [Bus Status] 
For large-scale systems. 


The CPU uses these status signals to allow an external 
bus controller to monitor what the current bus cycle is. 


NEC 


The external bus controller decodes these signals and 
generates the control signals required to perform 
access of the memory or I/O device. 


BS. BS, BSg Bus Cycle 
0 0 0 Interrupt acknowledge 
0 0 1 1/0 read 
0 1 0 1/0 write 
0 1 1 Halt 
1 0 0 Program fetch 
1 0 1 Memory read 
1 1 0 Memory write 
1 1 1 Passive state 


The output of these signals is three state and becomes 
high impedance during hold acknowledge. These out- 
puts are held at high level in the standby mode. 


BUSLOCK [Bus Lock] 
For large-scale systems. 


The CPU uses this signal to secure the bus while 
executing the instruction immediately following the 
BUSLOCK prefix instruction, or during an interrupt 
acknowledge cycle. It isa status signal to the other bus 
masters in a multiprocessor system, inhibiting them 
from using the system bus during this time. 


The output of this signal is three state and becomes 
high impedance during hold acknowledge. BUSLOCK 
is high during standby mode except if the HALT 
instruction has a BUSLOCK prefix, then it is held low. 


RQ/AK, RQ/AKo [Hold Request/Acknowledge] 
For large-scale systems. 


These pins function as bus hold request inputs (RQ 
AK 


( 
and as bus hold acknowledge outputs (AK). RQ/ 
has a higher priority than RQ/AK}. 


These pins have three-state outputs with on-chip pull- 
up resistors which keep the pin at a high level when the 
output is high impedance. 


Vpp [Power Supply] 
For small- and large-scale systems. 


) 


0 


This pin is used for the +5 V power supply. 

GND [Ground] 

For small- and large-scale systems. 

This pin is used for ground. 

IC [Internally Connected] 

This pin is used for tests performed at the factory by 


NEC. The uPD70108 is used with this pin at ground 
potential. 


NEC 
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Absolute Maximum Ratings 
Ta = +25°C 


Power supply voltage, Vpp —0.5Vto +7.0V 
Power dissipation, PDyax 0.5 W 
Input voltage, V —0.5 V to Vpp + 0.3 V 
CLK input voltage, V, —0.5 V to Vpp + 1.0 V 
Output voltage, Vo —0.5 V to Vpp + 0.3 V 
Operating temperature at 5 MHz, Topt —40°C to +85°C 
Storage temperature, Tstg —65°C to +150°C 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DC Characteristics 
Ta = —10°C to +70°C, Vpp = +5 V+ 5% 





Input voltage high Vin 2.2 


Parameter Symbol Min 
Input voltage low Vit —0.5 
CLK input voltage high VKH 3.9 
CLK input voltage low VKL -0.5 
Output voltage high Vou 0.7 x Vop 
Output voltage low VoL 
Input leakage current high lun 
Input leakage current low ILL 
Output leakage current high ILOH 
Output leakage current low ILoL 
70108-8 
Supply current pp 8 MHz 
70108-10 
10 MHz 


Capacitance 
Ta = +25°C, Vpp =OV- 
Limits Test 
Parameter Symbol Min Max Unit Conditions 
Input capacitance —C, 15 pF ae ie ping 
1/0 capacitance Cio 15 pF sreturned to0V 
Limits Test 
Typ Max Unit Conditions 
Vpp + 0.3 V 
0.8 V 
Vpp + 1.0 V 
0.6 V 
V lon = —400 vA 
0.4 V lo = 2.5 mA 
10 HA Vi = Vpp 
—10 uA Vj=0V 
10 vA Vo = Vop 
—10 HA Vo =0V 
45 80 mA Normal operation 
6 12 mA Standby mode 
60 100 mA Normal operation 
14 mA Standby mode 
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AC Characteristics 
Ta =—10°C to +70°C, Vpp = +5 V+ 5% 








yPD70108-8 == _—s PD70108-10 
Parameter _. Symbol . Min Max Min Max Unit Conditions 
Smali/Large Scale 
Clock cycle tcyk 125 500 100 500 ns 
Clock pulse width high: tkKH 44 41 ns Vy =3.0V 
Clock pulse width low tKKL 60 49 7 ns Vp =1.5V 
Clock rise time tkr 10 5 ns 1.5 V to 3.0V 
Clock fall time {kr 10 5 ns 3.0V to 1.5V 
READY inactive setup to CLK} tspyLk -8 —10 ns 
READY inactive hold after CLKT tHKRYH 20 20 ns 
READY active setup to CLKT tsRyHK tkxL — 8 tkxL —10 ° ns 
READY active hold after CLKt tHKRYL 20 20 ns 
Data setup time to CLK | tspk 20 10 ns 
Data hold time after CLK tukp 10 10 ns 
NMI, INT, POLL setup time tsik 15 15 ns 
to CLK t a 
input rise time (except CLK) tir 20 20 ns 0.8Vto2.2V 
Input fall time (except CLK) tir 12 12 ns 2.2V to08V 
Output rise time tor 20 20 ns 0.8V to22V 
Output fall time tor 12 12 ns 2.2V to 0.8V 
Small Scale 
Address delay time from CLK | toKa 10 60 10 48 ns 
Address hold time from CLK $ tHKA 10 10 ns 
PS delay time from CLK | toxp 10 60 10 50 ns 
PS float delay time from CLK f texp 10 60 10 50 ns 
Address setup time to ASTB | tsasT tkxi — 30 tkxL — 30 ns 
Address float delay time from teKA tHKA 60. tHka 50 ns C, = 100 pF 
CLK | 
ASTB ft delay time from CLK | tDKSTH 50 40 ns 
ASTB | delay time from CLK f tDKsTL 55 45 ns 
ASTB width high tsTsT tkxL — 10 tkxL — 10 ns 
Address hold time from ASTB | tHsTA tkkH — 10 tkkH —10 ns 
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AC Characteristics (cont) 
Ta = —10°C to +70°C, Vop = +5 V + 5% 








#PD70108-8 PD70108-10 

Parameter Symbol Min Max Min Max Unit Conditions 
Small Scale (cont) 

Control delay time from CLK toKcT 10 65 10 55 ns 

Address float to RD4 tAFRL 0 0 ns 

RD J delay time from CLK | tpKRL 10 80 10 70 ns 

RD f delay time from CLK | tpKRH 10 80 10 60 ns 

Address delay time from RD f tpRHA tcyk — 40 toy« — 35 ns 

RD width low trR 2tcyK—50 2tcyx—40 ns Cy = 100 pF 
Data output delay time from tokb 10 60 10 50 ns 

CLK | Eel 
Data float delay time from tFKD 10 60 10 50 ns 

CLK | a2 Se 

WR width low tww 2tcyx—40 2tcyk—35 ns 

HLDRQ setup time to CLK f - tsHak 20 20 ns 

HLDAK delay time from CLK | toKHA 10 100 10 60 ns 

Large Scale 

Address delay time from CLK } tDKA 10 60 10 48 ns 

Address hold time from CLK | tHKA 10 10 ns 
PS delay time from CLK } tox 10 60 10 50 ns 

PS float delay time from CLK t teKP 10 60 10 50 ns 

Address float delay time from teKA tHKA 60 tHKA 50 ns 

CLK | 

Address delay time from RD f tpRHA toyk ~ 40 toyK —35 ns 

ASTB delay time from BS | togsT 15 15 ns 

BS | delay time from CLK f toKBL 10 60 10 50 ns 

BS f delay time from CLK | tpKBH 10 65 10 50 ns 

RD | delay time from address tDAFRL 0 0 ns Cy = 100 pF 
float 

RD | delay time from CLK | toKRL 10 80 10 70 ns 

RD t delay time from CLK } toxRH 10 80 10 60 ns 

RD width low trR 2tcyx—50 2teyx—40 ns 

Date output delay time from tokp 10 60 10 50 ns 

CLK | 

Data float delay time from tFKD 10 60 10 50 ns 

AK delay time from CLK | tpKAK 50 40 ns 

RQ setup time to CLK f tsrak 10 9 ns 

RQ hold time from CLK tf tHKRO 0 0 ns 

RQ hold time from CLK t tHKRa2 30 20 ns 
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Timing Waveforms 





AC Test Input Waveform [Except CLK] Clock Timing 


2.4V 
0.4V 
AC Output Test Points 
2.2V 2.2V 


0.8V 0.8V 
49-000238A 


Wait [Ready] Timing BUSLOCK Output Timing 
uw 


BUSLOCK 


cLK iS ™ 


* READY input level must not be changed during this interval. 


POLL, NMI, INT Input Timing 


Tn 
CLK 
tsik 


POLL 
NMLINT 
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Timing Waveforms (cont) 


Read Timing [Small Scale] Write Timing [Small Scale] 


T4 T1 
























































49-000241A 49-000242A 


Read Timing [Large Scale] Write Timing [Large Scale] 





(71088 
Output) 


BS:-BSo \____BusStatus// 


49-000244A, 
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Timing Waveforms (cont) | 


Interrupt Acknowledge Timing 











1 T2 
CLK. 
teKa 
AD, - AD, 
ASTB 
toxet—>| 
INTAK 
| 
BUFEN 
10/M 
—F| toxa 
BUSLOCK * 
— |b teKa 
A,.-A 


. 15 


* : Large Scale Mode Only 


Hold Request/Acknowledge Timing [Small Scale] 
CLK 
HLORQ 


HLDAK 
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toxer 


3 


toxer 


i External Master 


* : A,,/PS, - A,,/PS,, A,, - Ay, AD, - AD,, RD, LBS,, IO/M, BUFR/W, WR BUFEN 


v4 11 T2 T3 





toxer 


BUFR/W \ 





lor2 











19.900258 | 








419-000250B 
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Timing Waveforms (cont) 


Nf 


<4—tsrak toKAK—> 2tcvyK 


a | 
: 4—tDKAK 


Pulse 1 RQ Pulse 2 AK Pulse 3 RO 
70108 Input ; 70108 Output 70108 Input 


| 


* 70108 Coprocessor 


nf $a 
* As 9/PS3-A16/PS, AD; 5-ADp, BS -BSp, RD, BUSLOCK 
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Register Configuration 
Program Counter [PC] 


The program counter is a 16-bit binary counter that 
contains the segment offset address of the next 
instruction which the EXU is to execute. 


The PC increments each time the microprogram fetches 
an instruction from the instruction queue. A new 
location value is loaded into the PC each time a branch, 
call, return, or break instruction is executed. At this 
time, the contents of the PC are the same as the 
Prefetch Pointer (PFP). 


Prefetch Pointer [PFP] 


The prefetch pointer (PFP) is a 16-bit binary counter 
'. which contains a segment offset which is used to 
calculate a program memory address that the bus 
control unit (BCU) uses to prefetch the next byte for 
the instruction queue. The contents of PFP are an 
offset from the PS (Program Segment) register. 

The PFP is incremented each time the BCU prefetches 
an instruction from the program memory. A new 
location will be loaded into the PFP whenever a branch, 
call, return, or break instruction is executed. At that 
time the contents of the PFP will be the same as those 
of the PC (Program Counter). 

Segment Registers [PS, SS, DSp, and DS,] 

The memory addresses accessed by the PD70108 are 
divided into 64K-byte logical segments. The starting 
(base) address of each segment is specified by a 16-bit 
segment register, and the offset from this starting 
address is specified by the contents of another register 
or by the effective address. 


These are the four types of segment registers used. 


Default Offset 
PS (Program Segment) PFP 

SS (Stack Segment) 
DSp (Data Segment 0) IX, effective address 
DS, (Data Segment 1) lY 


Segment Register 


SP, effective address 


General-Purpose Registers [AW, BW, CW, and DW] 
There are four 16-bit general-purpose registers. Each 
one can be used as one 16-bit register or as two 8-bit 
registers by dividing them into their high and low bytes 
(AH, AL, BH, BL, CH, CL, DH, DL). 


Each register is also used as a default register for 
processing specific instructions. The default assign- 
ments are: 


AW: Word multiplication/division, word I/O, data 
conversion, translation, BCD rotation. 
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AL: Byte multiplication/division, byte |1/O, BCD 
rotation, data conversion, translation 


AH: Byte multiplication/division 
BW: Translation 
CW: Loop control branch, repeat prefix 


CL: Shift instructions, rototation instructions, 
BCD operations 


DW: Word multiplication/division, indirect 
addressing I/O 


Pointers [SP, BP] and Index Registers [IX, IY] 


These registers serve as base pointers or index registers 
when accessing the memory using based addressing, 
indexed addressing, or based indexed addressing. 


These registers can also be used for data transfer and: 
arithmetic and logical operations in the same manner 

as the general-purpose registers. They cannot be used 

as 8-bit registers. 


Also, each of these registers acts as a default register 
for specific operations. The default assignments are: 


SP: Stack operations 
1X: Block transfer (source), BCD string operations 
IY: Block transfer (destination), BCD string operations 


Program Status Word [PSW] 


The program status word consists of the following six 
status and four control flags. 


Status Flags Control Flags 


@ V (Overflow) @ MD (Mode) 

@ S (Sign) e DIR (Direction) 

® Z (Zero) @ IE (Interrupt Enable) 
@ AC (Auxiliary Carry) e BRK (Break) 

@ P (Parity) 

@ CY (Carry) 


When the PSW is pushed on the stack, the word images 
of the various flags are as shown here. 


PSW 


15 14 13 12 11 1098765 43241 ~0 

M 1 1 1V DIBSZO0A0P 16 

D 1 ER C Y 
R K 


The status flags are set and reset depending upon the 
result of each type of instruction executed. 
Instructions are provided to set, reset, and complement 
the CY flag directly. 

Other instructions set and reset the control flags and 
control the operation of the CPU. 


The MD flag can be set/reset only by the BRKEM, 
RETEM, CALLN, and RETI instructions. 
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High-Speed Execution of Instructions 


This section highlights the major architectural features 
that enhance the performance of the wPD70108. 


Dual data bus in EXU 

Effective address generator 

16/32-bit temporary registers/shifters (TA, TB) 
16-bit loop counter 

PC and PFP 


Dual Data Bus Method 


To reduce the number of processing steps for in- 
struction execution, the dual data bus method has 
been adopted for the wPD70108 (figure 1). The two 
data buses (the main data bus and the subdata bus) are 
both 16 bits wide. For addition/subtraction and logical 
and comparison operations, processing time has been 
reduced by some 30% over single-bus systems. 


Figure 1. Dual Data Buses 


ALP 
Temporary 
registers/shifters 


Main data bus 
83-000103A 
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Example 
ADD AW,BW ;AW<+AW+ BW 
Single Bus Duai Bus 


Step 1 TA — AW TA — AW, TB — BW 
Step 2 TB — BW AW — TA+ TB 
Step 3 AW — TA+TB 

Effective Address Generator 


The Effective Address Generator (EAG) (figure 2) is a 
dedicated block of high-speed logic that computes 
effective addresses in two clock cycles. If an instruction 
uses memory, EAG decodes the second and/or third 
instruction bytes to determine the addressing mode, 
initiates any bus cycles needed to fetch data required 
to compute the effective address, and stores the 
computed effective address in the Data Pointer (DP) 


register. 


Calculating an effective address by the microprogram- 
ming method normally requires 5 to 12 clock cycles. 
This circuit requires only two clock cycles for 
addresses to be generated for any addressing mode. 


Thus, processing is several times faster. 
Figure 2. Effective Address Generator 


2nd or 3rd byte of Instruction 


Effective Address 


831H-5535A 





16/32-Bit Temporary Registers/Shifters [TA, TB] 


These 16-bit temporary registers/shifters (TA, TB) 
are provided for multiplication/division and_ shift/ 


rotation instructions. 


These circuits have decreased the execution time of 
multiplication/division instructions. In fact, these 
instructions can be executed about four times faster 


than with the microprogramming method. 


TA + TB: 32-bit temporary register/shifter for multi- 


plication and division instructions. 


TB: 16-bit temporary register/shifter for shift/rotation 


instructions. 
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Loop Counter [LC] 


This counter is used to count the number of loops fora 
primitive block transfer instruction controlled by a 
repeat prefix instruction and the number of shifts that 
will be performed for a multiple bit shift/rotation in- 
struction. 


The processing performed for a multiple bit rotation of 
a register is shown below. The average speed is 
approximately doubled over the microprogram method. 


Example 
-RORC AW,CL 
Microprogram method LC method 
8+ (4x5)=28clocks 7+5=12clocks 
Program Counter and Prefetch Pointer [PC and PFP] 


The yPD70108 microprocessor has a program counter, 
(PC) which addresses the program memory location of 
the instruction to be executed next, and a prefetch 
pointer(PFP), which addresses the program memory 
location to be accessed next. Both functions are 
provided in hardware. A time saving of several clocks 
is realized for branch, call, return, and break instruction 
execution, compared with microprocessors that have 
only one instruction pointer. 


Enhanced Instructions 


In addition to the ~PD8088/86 instructions, the 
uPD70108 has the following enhanced instructions. 


;CL=5 


Instruction Function 

PUSH imm Pushes immediate data onto stack 

PUSH R Pushes 8 general registers onto stack 

POP R Pops 8 general registers from stack 

MULimm Executes 16-bit multiply of register or memory contents 

by immediate data 

SHL imm8 Shifts/rotates register or memory by immediate 

SHR imms value 

SHRA imm8s 

ROL imms 

ROR imm8s 

ROLC imm’ 

RORC imm8 

CHKIND: Checks array index against designated boundaries 

INM Moves a string from an 1/0 port to memory 

OUTM Moves a string from memory to an 1/0 port 

PREPARE © Allocates an area for a stack frame and copies previous 
, frame pointers “i 

DISPOSE Frees the current stack frame on a procedure exit 
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Enhanced Stack Operation Instructions: 
PUSH imm 


This instruction allows immediate data to be pushed 
onto the stack. 


PUSH R/POP R 


These instructions allow the contents of the eight 
general registers to be pushed onto or popped from 
the stack with a single instruction. 


Enhanced Multiplication Instructions 
MUL reg16, imm16/MUL mem16, imm16 


These instructions allow the contents of a register or 
memory location to be 16-bit multiplied by immediate 
data. 


Enhanced Shift and Rotate Instructions 
SHL reg, imm8/SHR reg, imm8/SHRA reg, imm8 


These instructions allow the contents of a register to be 
shifted by the number of bits defined by the immediate 
data. 


ROL reg, imm8/ROR reg, imm8/ROLC reg, imm8/ 
RORC reg, imm8 


These instructions allow the contents of a register to be . 
rotated by the number of bits defined by the immediate 
data. 


Check Array Boundary Instruction 
CHKIND reg16, mem32 


This instruction is used to verify that index values 
pointing to the elements of an array data structure are 
within the defined range. The lower limit of the array 
should be in memory location mem32, the upper limit 
inmem32 + 2. If the index value in reg16 is not between 
these limits when CHKIND is executed, a BRK 5 will 
occur. This causes a jump to the location in interrupt 
vector 5. 


Block I/O Instructions 
OUTM DW, src-block/INM dst-block, DW 


These instructions are used to output or input a string 
to or from memory, when preceded by a repeat prefix. 


Stack Frame Instructions 
PREPARE imm16, imm8 


This instruction is used to generate the stack frames’ 
required by block-structured languages, such. as 
PASCAL and Ada. The stack frame consists of two 
areas. One area has a pointer that points to another 
frame which has variables that the current frame can 
access. The other is a local variable area for the current 
procedure. 
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DISPOSE 


This instruction releases the last stack frame generated 
by the PREPARE instruction. It returns the stack and 
base pointers to the values they had before the 
PREPARE instruction was used to call a procedure. 


Unique Instructions 


In addition to the 4PD8088/86 instructions and the 
enhanced instructions, the 4PD70108 has the following 
unique instructions. 


Instruction Function 


INS Insert bit field 
EXT Extract bit field 
ADD4S Adds packed decimal strings 


SUB4S Subtracts one packed decimal string from another 
CMP4S Compares two packed decimal strings 

ROL4 Rotates one BCD digit left through AL lower 4 bits 
ROR4 Rotates one BCD digit right through AL lower 4 bits 
TEST1 Tests a specified bit and sets/resets Z flag 

NOT1 Inverts a specified bit 

CLR1 Clears a specified bit 

SET1 Sets a specified bit 

REPC Repeats next instruction until CY flag is cleared 
REPNC Repeats next instruction until CY flag is set 

FPO2 Additional floating point processor call 


Figure3. Bit Field insertion 


Bit length 





vPD70108 (V20) 


Variable Length Bit Field Operation Instructions 


This category has two instructions: INS (Insert Bit 
Field) and EXT (Extract Bit Field). These instructions 
are highly effective for computer graphics and high- 
level languages. They can, for example, be used for 
data structures such as packed arrays and record type 
data used in PASCAL. 


INS reg8, reg8/INS reg8, imm4 


This instruction (figure 3) transfers low bits from the 
16-bit AW register (the number of bits is specified by 
the second operand) to the memory location specified 
by the segment base (DS, register) plus the byte offset 
(IY register). The starting bit position within this byte is 
specified as an offset by the lower 4-bits of the first 
operand. 


After each complete data transfer, the lY register and 
the register specified by the first operand are auto- 
matically updated to point to the next bit field. 


Either immediate data or a register may specify the 
number of bits transferred (second operand). Because 
the maximum transferable bit length is 16-bits, only the 
lower 4-bits of the specified register (OOH to OFH) will 
be valid. 


Bit field data may overlap the byte boundary of memory. 


Bit offset 





Byte offset (IY) 


| Memory 


Byte boundary Segment base (DS1) 


83-000106A 
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EXT reg8, reg8/EXT reg8, imm4 


This instruction (figure 4) loads to the AW register the 
bit field data whose bit length is specified by the 
second operand of the instruction from the memory 
location that is specified by the DSO segment register 
(segment base), the IX index register (byte offset), and 
the lower 4-bits of the first operand (bit offset). 


After the transfer is complete, the IX register and the 
lower 4-bits of the first operand are automatically 
updated to point to the next bit field. 


Either immediate data or a register may be specified for 
the second operand. Because the maximum ‘trans- 
. ferrable bit length is 16 bits, however, only the lower 
_ 4-bits of the specified register (OH to OF H) will be valid. 


Bit field data may overlap the byte boundary of memory. 
Packed BCD Operation Instructions 


The instructions described here process packed BCD 
data either as strings (ADD4S, SUB4S, CMP4S) or 
byte-format operands (ROR4, ROL4). Packed BCD 
strings may be from 1 to 254 digits in length. 


When the number of digits is even, the zero and carry 
flags will be set according to the result of the operation. 
When the number of digits is odd, the zero and carry 
flags may not be set correctly in this case, (CL = odd), 
the zero flag will not be set unless the upper 4 bits of the 
highest byte are all zero. The carry flag will not be set 
unless there is a carry out of the upper 4 bits of the 
highest byte. When CL is odd, the contents of the upper 
4 bits of the highest byte of the result are undefined. 


Figure 4. Bit Field Extraction 
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ADD4S 


This instruction adds the packed BCD string addressed 
by the IX index register to the packed BCD string 
addressed by the IY index register, and stores the 
result in the string addressed by the !Y register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CY), and 
zero flag (Z). 


BCD string (IY, CL) — BCD string (IY, CL) + BCD 
string (IX, CL) 


SUB4S 


This instruction subtracts the packed BCD string 
addressed by the IX index register from the packed 
BCD string addressed by the lY register, and stores the 
result in the string addressed by the lY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CY), and 
zero flag (Z). 


BCD string (IY, CL) < BCD string (IY, CL) — BCD 
String (IX, CL) 


CMP4S 


This instruction performs the same operation as 
SUB4S except that the result is not stored and only the 
overflow (V), carry flags (CY) and zero flag (Z) are 
affected. 


BCD string (IY, CL) — BCD string (IX, CL) 


Byte offset (IX) 
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Segment base (DSO) 
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ROL4 


This instruction (figure 5) treats the byte data of the 
register ormemory directly specified by the instruction 
byte as BCD data and uses the lower 4-bits of the AL 
register (AL,) to rotate that data one BCD digit to the 
left. 


Figure 5. BCD Rotate Left (ROL4) 


7 AL 0 reg/mem 


Upper Lower Upper Lower 
4 bits 4 bits 4bits 4 bits 





83-000108A 





ROR4 


This instruction (figure 6) treats the byte data of the 
register or memory directly specified by the instruction 
byte as BCD data and uses the lower 4-bits of the AL 
register (AL,) to rotate that data one BCD digit to the 
right. 


Figure 6. BCD Rotate Right (ROR4) 





83-000109A 


Bit Manipulation Instructions 
TEST1 


This instruction tests a specific bit in a register or 
memory location. If the bit is 1, the Z flag is reset to 0. If 
the bit is 0, the Z flag is set to 1. 

NOT1 

This instruction inverts a specific bit in a register or 
memory location. 

CLR1 

This instruction clears a specific bit in a register or 
memory location. 

SET1 

This instruction sets a specific bit in a register or 
memory location. 

Repeat Prefix Instructions 

REPC 

This instruction causes the uUPD70108 to repeat the 
following primitive block transfer instruction until the 


CY flag becomes cleared or the CW register becomes 
zero. 
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REPNC 


This instruction causes the wPD70108 to repeat the 
following primitive block transfer instruction until the 
CY flag becomes set or the CW register is decremented 
to zero. 


Floating Point Instruction 
FPO2 


This instruction is in addition to the uPD8088/86 
floating point instruction, FPO1. These instructions 
are covered in a later section. 


Mode Operation Instructions 


The wPD70108 has two operating modes (figure 7). 
One is the native mode which executes uPD8088/86, 
enhanced and unique instructions. The other is the 
8080 emulation mode in which the instruction set of the 
UPD8080AF is emulated. A mode flag (MD) is provided 
to select between these two modes. Native mode is 
selected when MD is 1 and emulation mode when MD is 
0. MD is set and reset, directly and indirectly, by 
executing the mode manipulation instructions. 


Two instructions are provided to switch operation from 
the native mode to the emulation mode and back: 
BRKEM (Break for Emulation), and RETEM (Return 
from Emulation). 


Two instructions are used to switchfrom the emulation 
mode to the native mode and back: CALLN (Call Native 
Routine), and RETI (Return from Interrupt). 


The system will return from the 8080 emulation mode 
to the native mode when the RESET signal is present, 
or when an external interrupt (NMI or INT) is present. 


Figure 7. V20 Modes 


HOLD REQ/HOLD ACK 
| Native Mode 


8088/86 
Enhanced 
and Unique 
Instruction Set 


RESET, NMI, or INT and IE 


Halt 


INT and!D Idle at 
10% Power 
‘ Standby 
~— Mode 
Pee eeneee 
8080 Emulation HOLD REQ/HOLD ACK 


8080 Mode 





83-000775A 
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BRKEM imms 


This is the basic instruction used to start the 8080 
emulation mode. This instruction operates exactly the 
same as the BRK instruction, except that BRKEM 
resets the mode flag (MD) to 0. PSW, PS, and PC are 
savedto thestack. MD is then reset and the interrupt vector 
specified by the operand imm8 of this command is 
loaded into PS and PC. 


The instruction codes of the interrupt processing 
routine jumped to are then fetched. Then the CPU 
executes these codes as yPD8080AF instructions. 


In 8080 emulation mode, registers and flags of the 
»PD8080AF are performed by the following registers 
and flags of the wPD70108. 
































uPD8O80AF uPD70108 

Registers: A AL 
B CH 

C CL 

D DH 

E DL 

H BH 

L BL 

SP BP 

PC PC 

Flags: C CY 
Z 

$ 

P 

AC AC 


In the native mode, SP is used for the stack pointer. In the 


8080 emulation mode this function is performed by BP. 


Thisuse of independent stack pointers allows indepen- 
dent stack areas to be secured for each mode and 
keeps the stack of one of the modes from being 
destroyed by an erroneous stack operation in the other 
mode. 


The SP, IX, lY and AH registers and the four segment 
registers (PS, SS, DSo, and DS) used in the native 
mode are not affected by operations in 8080 emulation 
mode. 


In the 8080 emulation mode, the segment register for 
instructions is determined by the PS register (set 
automatically by the interrupt vector) and the segment 
register for data is the.DSg register (set by the 
programmer immediately before the 8080 emulation 
mode is entered). 


It is prohibited to nest BRKEM instructions. 
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RETEM [no operand] 


When RETEM is executed in 8080 emulation mode 
(interpreted by the CPU as auPD8080AF instruction), 
the CPU restores PS, PC, and PSW (as it would when 
returning from an interrupt processing routine), and 
returns to the native mode. At the same time, the 
contents of the mode flag (MD) which was saved to the 
stack by the BRKEM instruction, is restored to MD +1. 
The CPU is set to the native mode. 


CALLN imms 


This instruction makes it possible to call the native 
mode subroutines from the 8080 emulation mode. To 
return from subroutine to the emulation mode, the 
RETI instruction is used. 


The processing performed when this instruction is 
executed in the 8080 emulation mode (it is interpreted 
by the CPU as uwPD8080AF instruction), is similar to 
that performed when a BRK instruction is executed in the 
native mode. The imm8 operand specifies an interrupt 
vector type. The contents of PS, PC, and PSW are 
pushed on the stack and an MD flag value of 0 is saved. 
The mode flag is set to 1 and the interrupt vector 
specified by the operand is loaded into PS and PC. 


RETI [no operand] 


This is a general-purpose instruction used to return 
from interrupt routines entered by the BRK instruction 
or by an external interrupt in the native mode. When 
this instruction is executed at the end of a subroutine 
entered by the execution of the CALLN instruction, the 
operation that restores PS, PC, and PSW is exactly the 
same as the native mode execution. When PSW is 
restored, however, the 8080 emulation mode value of 
the mode flag (MD) is restored, the CPU is set in 
emulation mode, and all subsequent instructions are 
interpreted and executed as wPD8080AF instructions. 


RETIis also used to return from an interrupt procedure 
initiated by an NMI or INT interrupt in the emulation 
mode. 


Floating Point Operation Chip 
Instructions 


FPO1 fp-op, mem/FPO2 fp-op, mem 


These instructions are used for the external floating 
point processor. The floating point operation is passed 
to the floating point processor when the CPU fetches 
one of these instructions. From this point the CPU 
performs only the necessary auxiliary processing 
(effective address calculation, generation of physical 
addresses, and start-up of the memory read cycle). 


NEC 


The floating point processor always monitors the 
instructions fetched by the CPU. When it interprets one 
as an instruction to itself, it performs the appropriate 
processing. At this time, the floating point processor 
chip uses either the address alone or both the address 
and read data of the memory read cycle executed by the 

CPU. This difference in the data used depends on 

which of these instructions is executed. 

Note: During the memory read cycle initiated by the CPU for FPO1 
or FPO2 execution, the CPU does not accept any read data 
on the data bus from memory. Although the CPU generates 
the memory address, the data is used by the floating point 
processor. : 


Interrupt Operation 


The interrupts used in the wPD70108 can be divided 
into two types: interrupts generated by external inter- 
rupt requests and interrupts generated by software 
processing. These are the classifications. 


External Interrupts 

(a) NMI input (nonmaskabie) 

(b) INT input (maskable) 
Software Processing 
As the result of instruction execution 


— When a divide error occurs during execution 
of the DIV or DIVU instruction 

— When a memory-boundary-over error is detected 
by the CHKIND instruction 


Conditional break instruction 


— When V = 
instruction 


1 during execution of the BRKV 


Unconditional break instructions 


BRK3 
BRK imm8s 


— 1-byte break instruction: 
~— 2-byte break instruction: 
Flag processing (Single-step) 


— When stack operations are used to set the 
BRK flag 


8080 Emulation mode instructions 


— BRKEM imms 
— CALLN imm8 


Interrupt Vectors 


Starting addresses for interrupt processing routines 
are either determined automatically by a single location 
of the interrupt. vector table or selected each time 
interrupt processing is entered. 
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The interrupt vector table is shown in figure 8. The 
table uses 1K bytes of memory addresses OOOH to 
SFFH and can store starting address data for a 
maximum of 256 vectors (4 bytes per vector). 


The corresponding interrupt sources for vectors 0 
to 5 are predetermined and vectors6 to 31 are reserved. 
These vectors consequently cannot be used for 
general applications. 


The BRKEM instruction and CALLN instruction (in the 
emulation mode) and the INT input are available for 
general applications for vectors 32 to 255. 


Asingle interrupt vector is made up of 4 bytes (figure 9). 
The 2 bytes in the low addresses of memory are 
loaded into PC as the offset, and the high 2 bytes are 
loaded into PS as the base address. The bytes are 
combined in reverse order. The lower-order bytes in 
the vector become the most significant bytes in the PC 
and PS, and the higher-order bytes become the least 
significant bytes. | 


Figure 8. 


Interrupt Vector Table 


Divide Error | 


Break Flag 


NMI input 
Dedicated 

BRK 3 Instruction | 

BRKV Instruction 


CHKIND Instruction 





i Reserved 


General Use 


-- @ BRK imm8 Instruction 
e BRKEM Instruction 
@ INT Input [External] 
@ CALLN Instruction 








83-000111A 


Figure 9. Interrupt Vector 0 


PS <(003H, 002H) 
PC < (001H, 000H) 


83-000112A 
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Based on this format, the contents of each vector 
should be initialized at the beginning of the program. 


The basic steps to jump to an interrupt processing 
routine are now shown. 

(SP - 1, SP - 2) <— PSW 

(SP - 3, SP - 4) — PS 

(SP - 5, SP - 6) — PC 

SP — SP-6 

IE <—- 0; BRK <- 0, MD —0 

PS <— vector high bytes 

PC < vector low bytes 


Standby Function 


The yPD70116 has a standby mode to reduce power 
consumption during program wait states. This mode is 
set by the HALT instruction in both the native and the 
emulation mode. 


In the standby mode, the internal clock is supplied only 
to those circuits related to functions required to 
release this mode and bus hold control functions. As a 
result, power consumption can be reduced to 1/10 the 
level of normal operation in either native or emulation 
mode. 


The standby mode is released by inputting a RESET 
signal or an external interrupt (NMI, INT). 


The bus hold function is effective during standby 
mode. The CPU returns to standby mode when the bus 
hold request is removed. 


During standby mode, all control outputs are disabled 
and the addres/data bus will be at either high or low 
levels. 


Instruction Set 
Symbols 


Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 


Clocks 


In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 


Clock timings assume the instruction has been pre- 
fetched and is present in the four-byte instruction 
queue. Otherwise, add four clocks for each byte not 
present. 


For instructions that reference memory operands, the 
number on the left side of the slash (/) is for byte 
operands and the number on the right side is for word 
operands. 
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For conditional control transfer or branch instructions; 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 


If a range of numbers is given, the execution time 
depends on the operands involved. 


Symbols 

Symbol Meaning 

acc Accumulator (AW or AL) 

disp Displacement (8 or 16 bits) 

dmem Direct memory address 

dst Destination operand or address 

ext-disp8 16-bit displacement (sign-extension byte 
+ 8-bit displacement) 

far_label Label within a different program 
segment 

far_proc Procedure within a different program 
segment 

fp_op Floating point instruction operation 

imm 8- or 16-bit immediate operand 

imm3/4 3- or 4-bit immediate bit offset 

imm8 8-bit immediate operand 

immi6 16-bit immediate operand 


mem Memory field (000 to 111); 
8- or 16-bit memory location 


memé8 8-bit memory location 

mem16 16-bit memory location 

mem32 32-bit memory location 

memptr16 Word containing the destination address 
within the current Segment 

memptr32 Double word containing a destination 
address in another segment 

mod Mode field (00 to 10) 

near_label Label within the current segment 

near_proc Procedure within the current segment 

offset Immediate offset data (16 bits) 

pop_value Number of bytes to discard from the stack 


reg Register field (000 to 111); 
8- or 16-bit general-purpose register 


reg8 : 8-bit general-purpose register 

regi6 16-bit general-purpose register 

regptr 16-bit register containing a destination 
address within the current segment 

regptr16 Register containing a destination address 
within the current segment 

seq immediate segment data (16 bits) 

short_label Label between —128 and +127 bytes from 


the end of the current instruction 
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Symbols (cont) 
Symbol Meaning Symbol Meaning 
sr Segment register lY Index register (destination) (16 bits) 
src Source operand or address MD Mode flag 
temp Temporary register (8/16/32 bits) ORV Logical sum 
tmpcy Temporary carry flag (1 bit) P Parity flag 
AC Auxiliary carry flag PC Program counter (16 bits) 
AH Accumulator (high byte) PS Program segment register (16 bits) 
AL Accumulator (low byte) PSW Program status word (16 bits) 
ANDA Logical product R Register set 
AW Accumulator (16 bits) $ Sign extend operand field 
z BW reste (van byt Sy Seana aa 
BL BW register (low byte) operand 
BP Base pointer (16 bits) $ Sign flag 
BRK Break flag SP Stack pointer (16 bits) 
BW BW register (16 bits) Ss Stack segment register (16 bits) 
CH CW register (high byte) TA Temporary register A (16 bits) 
CL CW register (low byte) TB Temporary register B (16 bits) 
CW CW register (16 bits) TC Temporary register C (16 bits) 
CY Carry flag V Overflow flag 
DH DW register (high byte) W Word/byte fietd (0 to 1) 
DIR Direction flag X, XXX, YYY, ZZZ Data to identify the instruction code of the 
DL DW register (low byte) external floating point arithmetic chip 
DSO Data segment 0 register (16 bits) XOR¥ Exclusive logical sum 
DS1 Data segment 1 register (16 bits) XH Two-digit hexadecimal value 
DW DW register (16 bits) XXXXH Four-digit hexadecimal value 
IE Interrupt enable flag Z Zero flay 
IX Index register (source) (16 bits) () Values in parentheses are memory contents 
— Transfer direction 
+ Addition 
- Subtraction 
Xx Multiplication 
+ Division 
% Modulo 
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Flag Operations 

Symbol ; Meaning 

(blank) No change 

0 Cleared to 0 

1 Set to 1 

x Set or cleared according to result 
u Undefined 

R - Restored to previous state 


Memory Addressing Modes 


mem mod = 00 mod = 01 

000 BW + IX BW + IX + disp8 
001 BW +IY BW + lY + disp8 
010 BP + IX BP + IX + disp8 
011 BP +IY BP +1Y + disp8 
100 IX IX + disp8 

101 ly IY + disp8 

110 Direct BP + disp8 

111 BW BW + disp8 
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mod = 10 

BW + IX + disp16 
BW + IY + disp16 
BP + IX + disp16 
BP + lY + disp16 
IX + disp16 

lY + disp16 

BP + disp16 

BW + disp16 


Register Selection (mod = 11) 


reg 
000 
001 
010 
011 
100 
101 
110 
111 


W=0 W=1 
AL AW 
CL CW 
DL DW 
BL BW 
AH SP 
CH BP 
DH IX 

BH ly 


Segment Register Selection 


sr 
00 
01 
10 
11 


Segment Register 
DS1 

PS 

$s 
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Instruction Set 





Opcode Flags 

Mnemonic Operand 765432410 765 43 2 1 0 Clocks Bytes AC CYV P S$ Z 
Data Transfer Instructions 
MOV reg, reg 100010%1W 141 reg reg 2 2 

mem, reg 1000%100W = =~*mod- reg mem 9/13 2-4 

reg, mem 100010 %1W = mod reg mem 11/15 2-4 

mem, imm 110001 %1W  =mod 000 mem 11/15 = 3-6 

reg, imm 10%1%1W = reg 4 2-3 

acc, dmem 1010000W 10/14 3 

dmem, acc 101000t1W 9/13 3 

sr, regi6 1000%1%%10 #41410 SF reg 2 2 

sr, mem16 10001110 mod 0 sr mem 11/15 = 2-4 

reg16, sr 10001100 110 sf reg 2 2 

mem16, sr 10001100 mod 0 sr mem 10/14 2-4 

DSO, reg16, mem32 110001041 mod reg mem 18/26 2-4 

DS1, regi6, mem32 11000100 mod reg mem 18/26 2-4 

AH, PSW 10014%1%1141 2 1 

PSW, AH 10014%1%1410 3 1 xX X x X X 
LDEA regi6, mem16 1000%1%041 mod reg mem 4 2-4 
TRANS src_table 110101141 9 1 
XCH reg, reg 10000%1%1W 14 reg reg 3 2 

mem, reg 100001141 W = mod reg mem 16/24 2-4 

AW, reg16 10010 ~~ reg 2 1 
Repeat Prefixes 
REPC 01100101 2 1 
REPNC 01100100 2 1 
REP 111100141 2 1 
REPE 
REPZ 
REPNE 11110010 2 1 
REPNZ 
Block Transfer Instructions 
MOVBK dst, src 10100%10W 1+8n 1 
CMPBK dst, src 10100i1%1W 7+14n 1 xX xX X X X X 
CMPM dst 10310311 %1W 7+10n 1 xX X X X X X 
LDM src 1010%1%310W 7+9n 1 
STM dst 103104%10%1W 7+4n 1 

n = number of transfers 

1/0 Instructions 
IN acc, imm8 11100%310W 9/13 2 

acc, DW 1110110W 8/12 1 
OUT imms, acc 11%1001441W 8/12 2 

DW, acc 1110141 i1W 8/12 1 
INM dst, DW 0110%1%10W 9+8n 1 
OUTM DW, src 0110%1%141W 9+8n 1 


n= number of transfers 
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Instruction Set (cont) 


Opcode Flags 
Mnemonic Operand 76543210 765 43 2 1 0 Clocks Bytes ACCYV P § Z 
BCD Instructions 
ADJBA 00110111 3 1 X xX UUUU 
ADJ4A 0010011441 3 1 Xx X UX X X 
ADJBS 00111111 7 1 xX xX UU U U 
ADJ4S 00101111 7 1 xX xX UX X X 
ADD4S 000011411 00100000 7+19n 2 u X U UU X 
SUB4S 0000117111 0010001 0 7+19n 2 u X UU U X 
CMP4S 00001111 09010011 0 7+19n 2 u X uuu xX 
ROL4 reg8 00001111 00101000 2 3 
1100 0 reg 
mem8s 0000711711711 00101000 2 3-5 
mod 0 0 0 mem 
ROR4 reg8 00001111 00101010 2 3 
1100 0 reg 
mem8 000071711711 00101010 33 3-5 
mod 0 0 0 mem 
n = number of BCD digits divided by 2 
Data Type Conversion Instructions | 
CVTBD 110190100 0 15 2 uuuxX xX X 
CVTDB 1103104101 0006001010 7 2 uu uUxX X X 
CVTBW 10011000 2 1 
CVTWL 10011001 4-5 1 
Arithmetic Instructions . 
ADD reg, reg 0000001W 411 ~ reg reg 2 2 Kew SO 
mem, reg 000000 0W_~ mod reg mem 16/24 2-4 x xX X X X X 
reg, mem 000000 %1W = mod reg mem 11/15 2-4 Xx X X X X X 
reg, imm 100000SW 110 0 0 = reg 4 3-4 x X X X X X 
mem, imm 100000S W mod 0 0 0 mem 18/26 3-6 xX X X X X X 
acc, imm 00000190W 4 2-3 Xx X X X X X 
ADDC reg, reg 0001001W 11 ~— reg reg 2 2 XX XX XX. 
mem, reg 000100 0W -= ~“*mod-~ reg mem 16/24 2-4 x X XX xX X 
reg, mem 000100 %1W ~~ mod reg mem 1/15 2-4 Xx X X X X X 
reg, imm 100000SW 1410 10 =~ reg 4 3-4 xXx X X X X X 
mem, imm 100000S W mod 010 mem 18/26 3-6 xX X X X X X 
acc, imm 00010%10W 4 2-3 Xx X X X X X 
SUB reg, reg 001017101W 11 reg reg 2 2 XxX X X XX X- 
mem, reg © 001010 0W — mod reg mem 16/24 2-4 Xx X X X X X 
reg, mem 001010 1W — mod reg mem 11/15 2-4 Xx X X X X X 
reg, imm 100000SW 1110 1 reg 4 3-4 X X X X X X 
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Instruction Set (cont) 


Opcode Flags 
Mnemonic Operand 765 43210 765 43 2 1 0° Clocks Bytes ACCYV P § Z 


Arithmetic Instructions (cont) 











SUB mem, imm 100000S W mod 101 = =mem 18/26 3-46 X X X X X X 
acc, imm 001011 0W 4 2-3 xX X X X X X 
SUBC reg, reg 000110%1W 141 reg reg 2 2 Xx X X X X X 
mem, reg 000110 0W =~ mod reg mem 16/24 2-4 xX X X X X X 
reg, mem 00031310 %1W=— mod reg mem 11/15 = 2-4 Xx Xx X X X X 
reg, imm 100000SW 11011 reg 4 3-4 xX X X X X X 
mem, imm 100000S W mod 011° =mem 18/26 3-46 xX X X X X X 
acc, imm 000%11410W 4 2-3 ae a ae oe ee 
INC reg8 11111110 11000 ~ reg 2 2 X xX xX X X 
mem 11114414 1414W mod 000 mem 16/24 92-4 X xX xX X X 
reg16 01000 ~— reg 2 1 X xX X X X 
DEC reg8 11117141 1~°0 11001 reg 2 2 X X X X X 
mem 111417411 414W  =mod 001 + =mem 16/24 92-4 x x X X X 
regi6 01001 reg 2 1 x x X X X 
MULU reg 111101 1%W #141 10 0~— reg 21-30 2 u X xX UuUU 
mem 1171101 1W mod 100+ mem 27-36 = a-4 u X X UU U 
MUL reg 11117014 1W 44 14107 ~~ reg 33-47 2 u xX xX UU U 
mem 111101 %4W  =mod 101° =mem 39-57 2-4 u X X UU U 
reg 16,reg16,imm8 01101041-:1 1 1 reg reg 28-34 3 u xX X UU U 
reg 16,mem16,imm8 01101011 mod reg mem 34-44 3-5 u X X UU U 
reg16,regi6,imm16 01101001 11 reg reg 36-42 4 u.xX xX UU U 
reg16,mem16,imm16 01101001 mod reg mem 46-52 4-6 u xX xX U UU 
DIVU reg 11110%31414W #4134 414 71 0 ~— reg 19-25 2 uuu uU UU 
mem 1113101 %1W mod 11 0 mem 25-35 2-4 u uuu U _U 
DIV reg 1117170%71W 41114 reg 29-43 2 uuu eu u 
mem 114310 %1 %1W  =mod i111 =mem 35-53 2-4 u uuu UU 
Comparison Instructions 
CMP reg, reg 0011101W 141 reg reg 2 2 Xx X X X X X 
mem, reg 0014140 0W~ mod reg mem 1/15 = 2-4 xX X X X X X 
reg, mem 00411310 1 W~— mod reg mem 11/15 92-4 Xx X X X X X 
reg, imm 100000SW 14114111 reg 4 3-4 Xx X X X X X 
mem, imm 1000008 W mod 111° £=xmem 13/17 3-6 X X X X X X 
acc, imm. 001111 0W 4 2-3 X X X X X X 
Logical Instructions 
NOT reg 1.1.1 1011W 41101 0 ~~ reg 2 2 
mem 117310 %1%1%1W~ mod 0 10-— mem 16/24 2-4 
NEG reg 1711717101 171W 4101-1 reg 2 2 Xx X X X X X 
mem 111370 %41W  =mod 01 1° #=mem 16/24 = 2-4 Xx X X X X X 
TEST reg, reg 10000%140W 11 reg reg 2 2 u 00x x x 
mem, reg 10000 %10W = “mod reg mem 10/14 92-4 u 00x x x 
reg, imm 111370141 1W 110 0 0~— reg 4 3-4 u 00x x x 
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Instruction Set (cont) 


Mnemonic Operand — 
Logical Instructions (cont) 
TEST mem, imm 
acc, imm 
AND reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 
OR reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 
XOR reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 
Bit Manipulation Instructions 
INS reg8, reg8 


~ reg8, imm4 
EXT reg8, reg8 
reg8, imm4 
TEST1 reg, CL 
mem, CL 
~ reg, imm3/4 
mem, imm3/4 
SET1 reg, CL 


mem, CL 
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- 
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0 765432 


W mod 0 0 0 
W 

Ww 11 reg 
W mod reg 
W = mod reg 
w 11100 
W mod 10 0 
W 

Ww 11 reg 
W mod reg 
W ~~ mod reg 
Ww 11001 
W mod 00 1 
W 

Ww 11 reg 
W mod reg 
W mod reg 
Ww 114110 
W mod 1 1:0 
W 


111 #00110 


1141 00010 
mem ; 


11°91 °00011 


111 00011 
mem 


111 00010 


fe a ea 
mem 


1 


mem 


reg 
mem 
mem 


mem 


reg 
mem 
mem 


mem 


reg 
mem 
mem 

reg 
mem 


Clocks 


11/15 


4 


2 


16/24 


11/15 


18/26 


16/24 


11/15 


18/26 


16/24 


11/15 


18/26 


35-133 


35-133 


34-59 


34-59 


12/16 


13/17 


13/21 


Bytes 


3-6 


2-3 
2 

2-4 
2-4 
3-4 
3-6 
2-3 
2 

2-4 
2-4 
3-4 
3-6 
2-3 


2-4 
2-4 
3-4 


3-6 
2-3 


3-5 


4-6 


3-5 
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Flags 
AC CYV P § Z 
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Instruction Set (cont) 















































Opcode Flags 
Mnemonic Operands 76543210 76 5 43 2 1 0° Clocks Bytes ACCYV P § Z 
Bit Manipulation Instructions (cont) 
SET1 reg, imm3/4 0000111 1 0001%13110W 5 4 
11000 reg 
mem, imm3/4 000014141 0001110 W ~~ 14/22 4-6 
mod 0 0 0 mem 
CY 117114110041 2 1 1 
DIR 11141140 41 2 1 
CLR1 reg, CL 00001111 00019001W 5 3 
1100 0 reg 
mem, CL 000011141 0001001 W~ 14/22 3-5 
mod 0 0 0 mem 
reg, imm3/4 00001111 0001%101W 6 4 
110 00 ~— reg 
mem, imm3/4 0000311141 0001410 %1W~ 15/27 4-6 
mod 0 0 0 mem 
CY 111311000 2 1 0 
DIR 11114314100 2 1 
NOT1 reg, CL 00001111 000101 1W 4 3 
11000 reg 
mem, CL 00003111 41 000101 1 W ~~ 18/26 3-5 
mod 0 0 0 mem 
reg, imm3/4 000011141 00011411%1W 5 4 
11000 reg 
mem, imm3/4 0000%i1%1%1 41 00014144 =1W =~ 19/27 4-6 
mod 0 0 0 mem 
CY 1114131010 1 2 1 Xx 
Shift/Rotate Instructions 
SHL reg, 1 1101000W 141110 0 ~— reg 2 2 u xX X X X Xx 
mem, 1 110%1000W mod 10 0 mem 16/24 2-4 ux X X X X 
reg, CL 1101001 W 441410 0 ~~ reg 7+7n 2 u xX UX X X 
mem, CL 110%100d1W mod 1 0 0 mem 19/27 +n 2-4 u X UX X X 
reg, imm8 1100000W 14141410 0 ~— reg 7+7n 3 u xX UX X X 
mem, imm8 1100000W #=~=«mod 100° mem 19/27 +n 3-5 u X UX X X 
SHR reg, 1 1101000W 414110 %1~— reg 2 2 u xX X X X X 
mem, 1 110 1000W #=~mod 101° =mem 16/24 2-4 u xX X XX X 
reg, CL 110%100%1W 4414110 1~— reg 7+n 2 u xX UX X-X 
mem, CL 11031004%1W mod 10 1 mem 19/27 +n 2-4 u xX UX X X 
reg, imm8 1100000W 141140 1 ~~ reg 7+10 3 u xX UX X X 
mem, imm8 1100000W mod 10 1 mem 19/27 +n 3-5 u xX u xX X X 


n = number of shifts 


{ 
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Instruction Set (cont) 





























Opcode Flags 

Mnemonic Operands 76543210 765 4 3 2 1 0 Clocks Bytes AC CYV P § 2 
Shift/Rotate Instructions (cont) 
SHRA reg, 1 110317000W 1111 41 reg 2 2 u x 0 x xX X 

mem, 1 110310 00W #=mod 11% °= #«=2mem 16/24 2-4 u x 0x xX x 

reg, CL 110100%4W 414114144 + «X'eg 74n 2 ux UX xX Xx 

mem, CL 110%100%4W =mod 111° =mem 19/27 +n 2-4 u xX UX X X 

reg, imm8 1100000W 13131141 reg 7+10 3 u X UX X X 

mem, imm8 1100000W #=mod 114° =mem 19/27 +n 3-5 u xX UX X X 
ROL reg, 1 110%31000W 11000 reg 2 2 X X 

mem, 1 11010 00W #=mod 0 0 0 mem 16/24 2-4 xX X 

reg, CL 110%1004%31W 110 0 0 reg 7+9 2 X u 

mem, CL 110100 %14W  =mod 0 0 0 mem 19/27 +n 2-4 xX U 

reg, imm 1100000W 1414100 0 reg 7t+n 3 X U 

mem, imm 1100000W mod 000 mem 19/27 +n 3-5 xX U 
ROR reg, 1 1101000W 110-0 1 reg 2 2 xX Xx 

mem, 1 1101000W =mod 0 01°) mem 16/24 2-4 xX X 

reg, CL 110%10041W 41001 ~~ reg 7+n 2 X U 

mem, CL 141010 0%1W  =mod 0 0 1 + mem 19/27 +n 2-4 X u 

reg, imm8 1100000W 11001 reg 7+n 3 xX u 

mem, imm8 1100000W #=mod 0 01° mem 19/27 +n 3-5 xX U 
ROLC reg, 1 1101000W 1101 0 ~— reg 2 2 X X 

mem, 1 110%1000W #=mod 010 mem 16/24 2-4 x xX 

reg, CL 11031004141W 414140 1 0- reg 7+n 2 xX U 

mem, CL 110100 %1W mod 010 mem 19/27 +n 2-4 xX u 

reg, imm8 1100000W 110 1 0 reg 7+n 3 xX u 

mem, imm8 1100000W =~mod 0.1 0 mem 19/27 +n 3-5 XU 
RORC reg, 1 1101000W 11011 ~~ reg 2 2 xX X 

mem, 1 110100 0W =mod 011 = &=2mem 16/24 2-4 xX X 

reg, CL 110100%1W 141014 1 ~~ reg 7+1n 2 xX u 

mem, CL 11037100 %1W mod 011° mem 19/27 +n 2-4 XxX U 

reg, imm8s 1100000W 11011 reg 7+n 3 X U 

mem, immé 1710600090 0W mod 0 1 1 = #=mem 19/27 +n 3-5 X U 

n = number of shifts 


Stack Manipulation Instructions 








PUSH mem16 1114111141 mod 1 10 mem 18/26 2-4 
regi6 010410 ~~ reg 8/12 1 
st 000 sr 110 8/12 1 
PSW 100 11-00 8/12 1 
R 01100000 35/67 1 
imm 011010908 0 7/12 2-3 
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Instruction Set (cont) ; 
Opcode Flags 
Mnemonic Operands 765 432 10 765 43 2 1 0 Clocks Bytes AC CYV P § Z 
Stack Manipulation Instructions (cont) 
POP mem16 10003141141 mod 0 0 0 mem 17/25 2-4 
regi6 01011 reg 8/12 1 
sr 000 sr 1141 8/12 1 
PSW 10 0 1101 8/12 1 R RRR RR 
R 01100001 43/75 1 
PREPARE imm16, imm8 110 1000 * 4 
*imm8 = 0: 16 
imm8 > 1:23 + 16 (imm8 — 1) 
DISPOSE 11001001 6/10 1 
Control Transfer Instructions 
CALL near_proc 11101000 16/20 3 
regptr 114714119141 11010 = reg 14/18 2 
memptr16 1147411141 mod 0 10 mem 23/31 2-4 
far_proc 1004141010 21/29 5 
memptr32 1111117 4 mod 0 11° 4mem 31/47 2-4 
RET 110000141 15/19 «1 
pop_value 11000010 20/24 3 
110010141 21/29 1 
pop_value 110031010 24/32 = 3 
BR near_label “11101001 13 3 
short_label i ee Fes (ee | ee Fm 12 2 
regptr 111141411341 11100 ~~ reg 11 2 
memptr16 1717171.11 17 41 mod 10 0 mem 20/24 2-4 
far_label 11101010 5 5 
memptr32 Vom A aA oe ie mod 1 0 1 mem 27/35 = 2-4 
BV short_label 01110000 14/4 2 
BNV short_label 011100041 14/4 2 
BC, BL short_label 01110010 14/4 2 
BNC, BNL short_label 01110011 14/4 2 
BE, BZ short_label 0111010 0 14/4 2 
BNE, BNZ short_label 01110101 14/4 2 
BNH short_label 01110110 14/4 2 
BH short_label 01117101141 14/4 2 
BN short_label 01111000 14/4 2 
BP short_label 0111410041 14/4 2 
BPE short_label 011141010 14/4 2 
BPO short_label 071141411011 14/4 2 
BLT short_label 01111100 14/4 2 
BGE short_label 011111041 14/4 2 
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Instruction Set (cont) . 
Opcode Flags 

Mnemonic Operand 76543210 76 5 43 2 21 ~0 += Clocks Bytes ACCYV P § Z 
Control Transfer Instructions (cont) 
BLE short_label 011141110 14/4 2 
BGT short_label 0114141114 14/4 2 
DBNZNE short_label 11100000 14/5 2 
DBNZE short_label 11100001 14/5 2 
DBNZ short_label 11100010 13/5 2 
BCWZ short_label 11100011 13/5 2 
interrupt Instructions 
BRK 3 1100110 0 38/50 1 

imm8s 1100110 1 38/50 2° 
BRKV 11001110 52/3 1 
RETI 11004117 27/39 1 R RRRRR 
CHKIND regi6, mem32 01100010 mod reg mem 18/26 2-4 

73-76 

BRKEM imms 000011144 +1144 1 14 1 1 1 + 38/50 3 
CPU Control Instructions 
HALT 1114131010 0 2 1 
BUSLOCK 1111710000. 2 1 
FPO1 fp_op 110 %1%4X X X 11YYYZ22Z2Z 2 2 

fp_op, mem 110%1%1X X X mod Y Y Y. mem 11/15 2-4 
FPO2 fp_op 0110011X ’1YYY2Z2Z2Z 2 2 
fp_op, mem 0110011 X mod Y Y Y= mem 1/15 2-4 
POLL 10031310141 2+5n 1 

n = number of times POLL pin is sampled. 

NOP 10010000 3 1 
DI 1111101 ~°0 2 1 
El 111714310141 2 1 
8080 Instruction Set Enhancements 
RETEM 11104141014 #1411414 1140 14 «27/789 2 RRRRRR 
CALLN immé8 111031101 1110110 1 = «38/58 3 
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NEC Electronics Inc. 


Description 


The wPD70116 (V30®) isa CMOS 16-bit microprocessor 
with an internal 16-bit architecture and a 16-bit external 
data bus. The wPD70116 instruction set is a superset of 
the uPD8086/8088; however, mnemonics and execution 
times are different. The wPD70116 additionally has a 
powerful instruction set including bit processing, 
packed BCD operations, and high-speed multiplica- 
tion/ division operations. The uPD70116 can also 
execute the entire 8080 instruction set and comes with 
a standby mode that significantly reduces power 
consumption. It is software-compatible with the 
uPD70108 microprocessor. 


Features 


C1) Minimum instruction execution time: 
250 ns (at 8 MHz), 200 ns to 10 MHz 

C) Maximum addressable memory: 1 Mbyte 

C) Abundant memory addressing modes 

OO 14 x 16-bit register set 

O 101 instructions 

XC Instruction set is a superset of u.PD8086/8088 
instruction set 

QO Bit, byte, word, and block operations 

0 Bit field operation instructions 

C) Packed BCD instructions 

O) Multiplication/division instruction execution 
time: 2.4 us to 7.1 us at 8 MHz 
and 1.9 us to 5.7 ws at 10 MHz 

C) High-speed block transfer instructions: 
1 Mbyte/s at 8 MHz, 1.25 Mbyte/s at 10 MHz 

CL] High-speed calculation of effective addresses: 
2 clock cycles in any addressing mode 

C) Maskable (INT) and nonmaskable (NMI) 
interrupt inputs 

0) IEEE-796 bus compatible interface 

CL) 8080 emulation mode 

CO CMOS technology 

CL] Low power consumption 

1 Low-power standby mode 

O Single power supply 

C) 8-MHz or 10-MHz clock 


V30 is a registered trademark of NEC Corporation. 
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vPD70116 (V30) 
16-Bit Microprocessor: 
High-Performance, CMOS 


Ordering Information 


Part Max Frequency 
Number _ of Operation Package Type 
uPD70116C-8 8 MHz 40-pin plastic DIP 
C-10 10 MHz 
L-8 8 MHz 44-pin PLCC 
L-10 10 MHz 
GC-8 8 MHz 52-pin plastic QFP 


GC-10 10 MHz (P52GC-100-3B6) 


Pin Configurations 


40-Pin Plastic DIP ECE 


38 [J A16/PSo 
37 [0 A17/PS1 
36 [1 Ais/PS2 
35 [J A19/PS3 





31 [1 HLDRQ [RQ/AKo] 


30 1 HLDAK [RQ/AKj] 
29 1] WR [BUSLOCK] 
28 1) 10/M [BS2] 

27 1] BUFR/W [BS1] 
26 (1) BUFEN [BSo] 

25 1] ASTB [QSo] 

24 7 INTAK (QS1] 


22 [1D READY 


83-004104B 
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Pin Configurations (cont) 


44-Pin Plastic Leaded Chip Carrier (PLCC) 


52-Pin Plastic 


A18/PS2 
A17/PS;1 UU 
Ai6/PSo ( 


oon aunbet © DY = 59T/NC 


10 


= 
=_ 


NCOu43 x 


© 51[7 A19/PS3 


38 [1 A19/PS3 


47 (J HLDRQ [RQ/AKo] 


34 [7] HLDRQ [RQ/AKo] 
33 [1] HLDAK [RQ/AK3] 
32 [1 WR [BUSLOCK] 


45 [] HLDAK [RQ/AK1] 
44] WR [BUSLOCK] 


30 ( BUFR/W [BS4] 


w 29 [) BUFEN 


42 1) BUFR/W [BS] 
41 1 BUFEN (BSo] 


[BSo] 


] ASTB [QSo] 
] INTAK [QS4] 
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] ASTB [QSo] 
1 INTAK [QS4] 


83-004103B 





Pin Identification 


Symbol 

IC* 

AD44 - AD 
NMI 


INT 
CLK 

GND 

RESET 
READY 
POLL 
INTAK (083) 


ASTB (QSq) 
BUFEN (BSp) 
BUFR/W (BS;) 
10/M (BS») 

WR (BUSLOCK) 


HLDAK (RQ/AK;) 


HLDRQ (RQ/AKo) 


RD 
S/LG 


UBE 


Ajg/PS3 - 
Aig/PS 


AD45 
Vop 


Direction 


In/Out 


Out 
Out 
Out 
Out 
Out 


Out 
(In/Out) 


In 
(In/Out) 


Out 
In 


Out 
Out 


In/Out 


Function 
Internally connected 
Address/data bus 


Nonmaskable interrupt 
input 


Maskable interrupt input 
Clock input 

Ground potential 

Reset input 

Ready input 

Poll input 


Interrupt acknowledge 
output (queue status bit 1 
output) 


Address strobe output 
(queue status bit 0 output) 


Buffer enable output (bus 
status bit 0 output) 


Buffer read/write output 
(bus status bit 1 output) 


Access is !/0 or memory 
(bus status bit 2 output) 


Write strobe output (bus 
lock output) 


Holdacknowledge output, 
(bus hold request input/ 
acknowledge output 1) 


Hold request input (bus 
hold request input/ 
acknowledge output 0) 


Read strobe output 


Smail-scale/large-scale 
system input 


Upper byte enable 


Address bus, high bits or 
processor status output 


Address/data bus, bit 15 
Power supply 


Notes: * !C should be connected to ground. 


Where pins have different functions in small- and large-scale 
systems, the large-scale system pin symbol and function are 


in parentheses. 


Unused input pins should be tied to ground or Vpp to 
minimize power dissipation and prevent the flow of poten- 
tially harmful currents. 
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Block Diagram 


Internal Address/Data Bus [!ADo-19} 


a) A1e/PSo — A1g/PS3 
Bus 
Buffer 
(is) ADo - ADi5, 
B = 
BUFEN([BSo], BUFR/W [BS;} 
(6/M [BS2] 
ASTB [QSo], INTAK [QS1] 
RD, WR [BUSLOCK] 
Status 
Control . 
S/LG 


HLDRQ [RQ/AKo] 


| 


c 
m 










Bus Hold 
Control 





HLDAK [RQ/AKy] 


NMI 








Cycle Interrupt 





Decision Control INT 
Bus 
Standby r 
[BCU] 
Execution 
Unit 
Effective Address [EXU] 


Generator 


Microinstruction 
Storage 


Microaddress Register 





Microsequence 


Control 


Queue Data Bus [8] 





Instruction Decoder 





Sub Data Bus [16] Main Data Bus [16] 
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Pin Functions 


Some pins of the wPD70116 have different functions 
according to whether the microprocessor is used in a 
small- or large-scale system. Other pins function the 
same way in either type of system. 


ADj45 - ADo [Address/Data Bus] 
For small- and large-scale systems. 


AD 45-ADo is a time-multiplexed address and data bus. 
When high, an AD bit is a one; when low, an AD bitis a 
zero. This bus contains the lower 16 bits of the 20-bit 
address during T1 of the bus cycle. It is used as a 16-bit 
data bus during T2, T3, and T4 of the bus cycle. 


The address/data bus is a three-state bus and can be at 
a high or low level during standby mode. The bus will 
be high impedance during hold and interrupt 
acknowledge. 


NMI [Nonmaskable interrupt] 
For small- and large-scale systems. 


This pin is used to input nonmaskable interrupt 
requests. NMI cannot be masked by software. This 
input is positive edge triggered and must be held high 
for five clocks to guarantee recognition. Actual inter- 
rupt processing begins, however, after completion 
of the instruction in progress. 


The contents of interrupt vector 2 determine the 
starting address for the interrupt-servicing routine. 
Note that a hold request will be accepted even during 
NMI acknowledge. 


This interrupt will cause the “~PD70116 to exit the 
standby mode. 


INT [Maskable Interrupt] 
For small- and large-scale systems. 


This pin is an interrupt request that can be masked by 
software. 


INT is active high level and is sensed during the last 
clock of the instruction. The interrupt will be accepted 
if the interrupt enable flag IE is set. The CPU outputs 
the INTAK signal to inform external devices that the 
interrupt request has been granted. INT must be 





asserted until the interrupt acknowledge signal is . 


returned. 


lf NMI and INT interrupts occur at the same time, NMI 
has higher priority than INT and INT cannot be 
accepted. A hold request will be accepted during INT 
acknowledge. 


This interrupt causes the uPD70116 to exit the standby 
mode. 


CLK [Clock] 
For small- and large-scale systems. 


This pin is used for external clock input. 


NEC 


RESET [Reset] 
For smail- and large-scale systems. 


' This pin is used for the CPU reset signal. It is an active 


high level. Input of this signal has priority over all other 
operations. After the reset signal input returns to a low 
level, the CPU begins execution of the program starting 
at address FFFFOH. RESET input must be kept high for 
at least 4 clock cycles. 


In addition to causing normal CPU start, RESET input 
will cause the 4PD70116 to exit the standby mode. 


READY [Ready] . 
For small- and large-scale systems. 


When the memory or I/O device being accessed 
cannot complete data read or write within the CPU 
basic access time, it can generate a CPU wait state 
(Tw) by setting this signal to inactive (low level) and 
requesting a read/write cycle delay. 


If the READY signal is active (high level) during either 
the T3 or Tw state, the CPU will not generate a wait 
state. READY is not synchronized internally. To 
guarantee correct operation, external logic must ensure 
that setup and hold times relative to CLK are met. 


POLL [Poll] 
For small- and large-scale systems. 


-The CPU checks this input upon execution of the POLL 


instruction. If the input is low, then execution continues. 
If the input is high, the CPU will check the POLL input 
every five clock cycles until the input becomes low 
again. 

The POLL and READY functions are used to syn- 
chronize CPU program execution with the operation of 
external devices. 


RD [Read Strobe] 
For small- and large-scale systems. 


The CPU outputs this strobe signal during data read 
from an I/O device or memory. The 1O/M signal is used 
to select between I/O and memory. 


This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 


S/LG [Small/Large] 
For small- and large-scale systems. 


This signal determines the operation mode of the CPU. 





’ This signal is fixed at either a high or low level. When 


this signal is a high level, the CPU will operate in small- 
scale system mode, and when low, in the large-scale 
system mode. A small-scale system will have at most 
one bus master such as a DMA controller device on the 
bus. A large-scale system can have more than one bus 
master accessing the bus as well as the CPU. 
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INTAK [Interrupt Acknowledge] 
For small-scale systems. 


The CPU generates the INTAK signal low when it 
accepts an INT signal. 


The interrupting device synchronizes with this signal 
and outputs the interrupt vector to the CPU via the data 
bus (AD7 - ADo). INTAK is held at a high-level in the 
standby mode. 


ASTB [Address Strobe] 
For small-scale systems. 


The CPU outputs this strobe signal to latch address 
information at an external latch. 


ASTB is held at a low level during standby mode and 
hold acknowledge. 


BUFEN [Buffer Enable] 
For small-scale systems. 


This is used as the output enable signal for an external 
bidirectional buffer. The CPU generates this signal 
during data transfer operations with external memory 
or I/O devices or during input of an interrupt vector. 


This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 


BUFR/W [Buffer Read/Write] 
For small-scale systems. 


The output of this signal determines the direction of 
data transfer with an external bidirectional buffer. A 
high output causes transmission from the CPU to the 
external device; a low signa! causes data transfer from 
the external device to the CPU. 

BUFR/W is a three-state output and enters the high- 
impedance state during hold acknowledge. 

10/M [10/Memory] 

For small-scale systems. 

The CPU generates this signal to specify either 1/O 
access or memory access. A low-level output specifies 
1/O and a high-level signal specifies memory. 

iO/M’s output is three state and becomes high 
impedance during hold acknowledge. 

WR [Write Strobe] 

For small-scale systems. 

The CPU generates this strobe signal du ring data write 
to an I/O device or memory. Selection of either I/O or 
memory is performed by the IO/M signal. 

This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 
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HLDAK [Hold Acknowledge] 
For small-scale systems. 


The HLDAK signal is used to indicate that the CPU 
accepts the hold request signal (HLDRQ). When this 
signal is a high level, the address bus, address/data 
bus, the control lines become high impedance. 


HLDRQ [Hold Request] 
For small-scale systems. 


This input signal is used by external devices to request 
the CPU to release the address bus, address/data bus, 
and the control bus. 


UBE [Upper Byte Enable] 
For small- and large-scale systems. 


UBE indicates the use of the upper eight bits (AD45 
-ADg) of the address/data bus during a bus cycle. This 
signal is active low during T1 for read, write, and 
interrupt acknowledge cycles when ADjs - ADg are to 
be used. Bus cycles in which UBE is active are shown in 
the following table. 


Type of _ Number of 

Bus Operation UBE ADy Bus Cycles 
Word atevenaddress 0 0 1 
Word at odd address : ae 2 
Byte at even address 1 0 1 
Byte at odd address 0 1 1 


Notes: * First bus cycle 

** Second bus cycle 
UBE is low continuously during the interrupt acknow- 
ledge state. 
The three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 


Ai9/PS3 - A1¢/PSp [Address Bus/Processor Status] 
For small- and large-scale systems. 

These pins are time multiplexed to operate as an 
address bus and as processor status signals. 

When used as the address bus, these pins are the high 4 
bits of the 20-bit memory address. During I/O access, 
all 4 bits output data 0. 
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The processor status signals are provided for both 
memory and I/O use. PS3 is always 0 in the native mode 
and 1 in 8080 emulation mode. The interrupt enable 
flag (IE) is output on pin PS». Pins PS; and PSg indicate 
which memory segment is being accessed. 


Ay7/PS, Aig/PSo Segment 
0 0 Data segment 1 
0 1 Stack segment 
1 0 Program segment 
1 1 Data segment 0 


The output of these pins is three state and becomes 


high impedance during hold acknowledge. 


QS, QSp [Queue Status] 
For. large-scale systems. 


The CPU uses these signals to allow external devices, 


such as the floating-point arithmetic processor chip 
(uPD72091), to monitor the status of the internal CPU 
instruction queue. 


Qs, QSp Instruction Queue Status 
0 0 NOP (queue does not change) 
0 1 First byte of instruction 
1 0 Flush queue 
1 1 Subsequent bytes of instruction 


The instruction queue status indicated by these signals 


is the status when the execution unit (EXU) accesses 
the instruction queue. The data output from these pins 
is therefore valid only for one clock cycle immediately 
following queue access. These status signals are 
provided so that the floating-point processor chip can 
monitor the CPU’s program execution status and 
synchronize its operation with the CPU when control is 
passed to it by the FPO (Floating Point Operation) 
instructions. These outputs are held low level in the 
standby mode. 


BS>2 - BSo [Bus Status} 

For large-scale systems. 

The CPU uses these status signals to allow an external 
bus controller to monitor what the current bus cycle is. 


The external bus controller decodes these signals and 
generates the control signals required to perform 
access of the memory or I/O device. 
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Bus Cycle 





BS, BS, 


wo 
n 
(—) 


Interrupt acknowledge 
1/0 read 

1/0 write 

Halt 

Program fetch 
Memory read 

Memory write 


a f/f] Sf S| Ol] aO};olto 


0 
0 
1 
1 
0 
0 
{ 
1 


—([o;fealjos;jmstfo;j—to 


Passive state 


The output of these signals is three state and becomes 
high impedance during hold acknowledge. 


BUSLOCK [Bus Lock] 
For large-scale systems. 


The CPU uses this signal to secure the bus while 
executing the instruction immediately following the 
BUSLOCK prefix instruction and during interrupt 
acknowledge cycles. It is a status signal to the other 
bus masters in a multiprocessor system inhibiting 
them from using the system bus during this time. 


The output of this signal is three state and becomes 
high impedance during hold acknowledge. BUSLOCK 
is high during standby mode except if the HALT 
instruction has a BUSLOCK prefix. 

RQ/AK,, RQ/AKo [Hold Request/Acknowledge] 
For large-scale systems. 

These pins function as bus hold request inputs (RQ) 
and as bus hold acknowledge outputs (AK). RQ/AKg 
has a higher priority than RQ/AK;. 

These pins have three-state outputs with on-chip pull- 
up resistors which keep the pin at a high level when the 
output is high impedance. RQ inputs must be properly 
synchronized to CLK. 

Vpp [Power Supply] 

For small- and large-scale systems. 


This pin is used for the +5 V power supply. 


GND [Ground] 
For small- and large-scale systems. 


This pin is used for ground. 
IC [Internally Connected] 
This pin is used for tests performed at the factory by 


NEC. The wPD70116 is used with this pin at ground 
potential. 
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uPD70116 (V30) 
Absolute Maximum Ratings Capacitance 
Ta = +25°C Ta = +25°C, Vpp =O V 
Power supply voltage, Vpp —0.5V to+7.0V Limits Test 
Power dissipation, PDyax 0.5 W Parameter Symbol Min Max Unit Conditions 
| —0. k ; = 
met voltage, V; -0.5 V to Vpp + 0.3 V Input capacitance, 15 pF ies ae ein 
ELA INpUEVONaGe: NK qe) a 1/0 capacitance Cio 15 pF returned to0 V 
Output voltage, Vo —0.5V to Vpp + 0.3 V 
Operating temperature at 5 MHz, Topt —40°C to +85°C 
Storage temperature, Tstg —65°C to +150°C 
Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
DC Characteristics Ea 
uPD70116-8, uPD70116-10, Ta = —10°C to +70°C, Vpp = +5 V + 5% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input voltage high Vin 2.2 Vpp + 0.3 V 
input voltage low Vit —0.5 0.8 V 
CLK input voltage high VKH 3.9 Vpp + 1.0 V 
CLK input voltage low VEL ~0.5 0.6 V 
Output voltage high Vou 0.7 X Vpp V lo = 400 wA 
Output voltage low VoL 0.4 V lol =2.5 mA 
Input leakage current high ILin 10 pA Vi = Vpp 
Input leakage current low ILL —10 HA V; =0V 
Output leakage current high ILOH 10 HA Vo = Vpp 
Output leakage current low ILoL —10 vA Vo=0V 
70116-8 45 80 mA Normal operation 
Supply current lop 8 MHz 6 12 mA Standby mode 
70116-10 60 100 mA Normal operation 
10 MHz 7 14 mA Standby mode 
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AC Characteristics 
Ta =—10°C to +70°C, Vpp = +5 V+ 5% 


uPD70116-8_ ~_pPD70116-10 . 

Parameter Symbol Min Max Min Max Unit — Conditions 
Small/Large Scale - 

Clock tycle toyK 125 500 - 100. 500 ns 

Clock pulse width high {KKH 44 44 ns V«y = 3.0 V 

Clock pulse width low tKKL 60 49 ns VKL=1.5V 

Clock rise time tke 10 5 ns 1.5 V to 3.0V 

Clock fall time tkF 10 5 ns 3.0 V to 1.5V 

READY inactive setup to CLK! tSRYLK —8 —10 ns 

READY inactive hold after CLKt tHKRYH 20 20 ns 

READY active setup to CLKt tSRYHK tkx. —8 tkKL —10 ns 

READY active hold after CLKt tHKRYL 20 20 ns 

Data setup time to CLK | tspk 20 10 ns 

Data hold time after CLK | tHkD 10 10 ns 

NMI, INT, POLL setup time tsik 15 15 ns 

to CLK ft | 

Input rise time (except CLK) tir 20 20 ns 08Vto22V 

Input fall time (except CLK) tir 12 12 ns 2.2Vto0.8V 

Output rise time tor 20 20 ns 0.8 V to 2.2V 

Output fall time tor 12 12 ns 22Vt00.8V 
“Small Scale ; 

Address delay time from CLK | tpKA 10 60 10 48 ns 

Address hold time from CLK | tHKA 10 10 ns 

PS delay time from CLK } toxp 10 60 10 50 ns 

PS float delay time from CLK t teKp 10 60 10 50 ns 

Address setup time to ASTB | tsAST tex, — 30 tk, — 30 ns 

oe float delay time from teKa tHKA 60 tHKa 50 ns CL= 100 pF 

ASTB { delay time from CLK | pesa 50 40 ns 

ASTB | delay time from CLK t toKSTL 5 45 ns 

ASTB width high tsTST tk. — 10 txx, — 10 ns 

Address hold time from ASTB } tHsTA tkkH — 10 tkxH —10 ns 
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AC Characteristics (cont) 
Ta = —10°C to +70°C, Vpp = +5 V+ 5% 





uPD70116-8 »PD70116-10 
Parameter Symbol Min Max Min Max Unit Conditions 
Small Scale (cont) 
Control! delay time from CLK toxctT 10 65 10 55 "ons 
Address float to RD! tAFRL 0 0 ns 
RD | delay time from CLK | toKAL 10 80 10 70 ns 
RD ft delay time from CLK } tDKRH 10 80 10 60 ns 
Address delay time from RD f toRHA tcyk — 40 teyk — 35 ns 
RD width low tar 2tcyx—50 2tcyk—40 ns C= 100 pF 
CLK | 
Data float delay time from tekp 10 60 10 50 ns 
CLK | 
WR width low tww 2tcyx—40 2tcyx—35 ns 
HLDRQ setup time to CLK f tsHak 20 20 ns 
HLDAK delay time from CLK 4 tDKHA 10 100 10 60 ns 
Large Scale 
Address delay time from CLK } toKa 10 60 10 48 ns 
Address hold time from CLK tHKa 10 10 ns 
PS delay time from CLK | toKP 10 60 10 50 ns 
PS float delay time from CLK t teKp 10 60 10 50 ns 
fr ta float delay time from teKA tHKA 60 tHKA 50 ns 
Address delay time from RD f tpRHA tovk — 40 toyk —35 ns 
ASTB delay time from BS | tpBst 15 15 ns 
BS | delay time from CLK f tpKBL 10 60 10 50 ns 
BS f delay time from CLK | toKBH 10 65 10 50 ns 
RD | delay time trom address tDAFRL 0 0 ns C, = 100 pF 
float 
RD | delay time from CLK $ toKRL 10 80 10 70 ns 
RD f delay time from CLK | toKRH 10 80 10 60 ns 
RD width low tar 2tcyx—50 2tcyK—40 ns 
Date output delay time from toxo 10 60 10 50 ns 
CLK | 
Data float delay time from tFKD 10 60 10 50 ns 
CLK | 
AK delay time from CLK } tDKAK 50 40 ns 
RQ setup time to CLK f tsrok 10 9 ns 
RQ hold time from CLK 4 tHKRat 0 0 ns 
RQ hold time from CLK t tykRa2 30 20 ns 
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Timing Waveforms 





AC Test Input Waveform [Except CLK] Clock Timing 


AC Output Test Points 
2.2 2.2V 


49000248 
> Test Points <7 


0.8V 0.8V 








Wait [Ready] Timing BUSLOCK Output Timing 


* READY input level must not be changed during this interval. i+ ™ 


BUSLOCK 


POLL,NMI, INT Input Timing 
Tn 
cLK 
toa 
POLL 
NMLINT 
49-000249B 
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Timing Waveforms (cont) 


Read Timing [Small Scale] Write Timing [Small Scale] 
14 TI T2 


tka 


| Address [ Program Status Program Status 
toxe 


texp 


UK Data Output by 






































49-000231A 49-000232A, 


Read Timing [Large Scale] Write Timing [Large Scale] 


TI T2 T1 T2 


fae—thica 


toxe 


: \ edt 
. Program Status i Program Status am 











tspx 
> tuko 


Data Input } 


“ torHA 

















toaFRL 





toxr 
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Timing Waveforms (cont) 


Interrupt Acknowledge Timing 
11 











BUSLOCK 


Hold Request/Acknowledge Timing [Small Scale] 





x External Master 


*: A,/PS,- A,,/PS,, AD,, - AD,,.AD, UBE, IO/M, BUFR/W, WA BUFEN 


49-000236B 
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Timing Waveforms (cont) 


Pulse 1 RG 
70116 Input — 


* 70116 
—_—_—— 
* A19/PS3-Ay6/PSp, AD, 5-ADp, BS2-BSg, RD, BUSLOCK 


Pulse 2 AK 
70116 Output 


5 <—tFKA 
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Pulse 3 RG 
70116 Input 


rn 


Coprocessor 


 —$$$$$ nn 





831H-5509B 
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Register Configuration 
Program Counter [PC] 


The program counter is a 16-bit binary counter that 
contains the segment offset address of the next 
instruction which the EXU is to execute. 


The PC increments each time the microprogram fetches 
an instruction from the instruction queue. A new 
location value is loaded into the PC each time a branch, 
call, return, or break instruction is executed. At this 
time, the contents of the PC are the same as the 
Prefetch Pointer (PFP). 


Prefetch Pointer [PFP] 


The prefetch pointer (PFP) is a 16-bit binary counter 
which contains a segment offset which is used to 
calculate a program memory address that the bus 
control unit (BCU) uses to prefetch the next word for 
the instruction queue. The contents of PFP are an 
offset from the PS (Program Segment) register. 


The PFP is incremented each time the BCU prefetches 
an instruction from the program memory. A new 
location will be loaded into the PFP whenever a branch, 
call, return, or break instruction is executed. At that 
time the contents of the PFP will be the same as those 
of the PC (Program Counter). 

Segment Registers [PS, SS, DS, and DS] 

The memory addresses accessed by the vPD70116 are 
divided into 64K-byte logical segments. The starting 
(base) address of each segment is specified by a 
16-bit segment register, and the offset from this starting 
address is specified by the contents of another register 
or by the effective address. 


These are the four types of segment registers used. 


Segment Register Default Offset 
PS (Program Segment) PFP 

$S (Stack Segment) 
DSg (Data Segment 0) IX, effective address 
DS; (Data Segment 4} lY 


SP, effective address 


General-Purpose Registers [AW, BW, CW, and DW] 


There are four 16-bit general-purpose registers. Each 
one can be used as one 16-bit register or as two 8-bit 
registers by dividing them into their high and low bytes 
(AH, AL, BH, BL, CH, CL, DH, DL). 


Each register is also used as a defauit register for 
processing specific instructions. The default assign- 
ments are: 


AW: Word multiplication/division, word I/O, data 
conversion, translation, BCD rotation. 
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AL: Byte multiplication/division, byte 1/0, BCD | 
rotation, data conversion, translation 


AH: Byte multiplication/division 
BW: Translation 
CW: Loop control branch, repeat prefix 


CL: Shift instructions, rototation instructions, 
BCD operations 


DW: Word multiplication/division, indirect 
addressing I/O 


Pointers [SP, BP] and Index Registers [IX, IY] 


These registers serve as base pointers or index registers 
when accessing the memory using based addressing, 
indexed addressing, or based indexed addressing. 


These registers can also be used for data transfer and 
arithmetic and logical operations in the same manner 
as the general-purpose registers. They cannot be used 
as 8-bit registers. . 


Also, each of these registers acts as a default register 
for specific operations. The default assignments are: 


SP: Stack operations 
IX: Block transfer (source), BCD string operations 
lY: Block transfer (destination), BCD string operations 


Program Status Word [PSW] 


The program status word consists of the following six 
status and four control flags. 


Status Flags Control Flags 


@ V (Overflow) @ MD (Mode) 

@ S (Sign) @ DIR (Direction) 

@ Z (Zero) @ JE (Interrupt Enable) 
@ AC (Auxiliary Carry) e@ BRK (Break) 

@ P (Parity) 

@ CY (Carry) 


When the PSW is pushed on the stack, the word images 
of the various flags are as shown here. 


PSW 





15 14 #13 12 111098765 43210 

M 1 1 $41V DIBSZO0A0P IC 

D 1 ER C Y 
R K 


The status flags are set and reset depending upon the 
result of each type of instruction executed. 


Instructions are provided to set, reset, and complement 
the CY flag directly. 


Other instructions set and reset the control flags and 
control the operation of the CPU. The MD flag can be 


set/reset only by the BRKEM, RETEM, CALLN, and — 


RETI instructions. 
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The MD flag can be set/reset only in between ex- 
ecutions of BRKEM and RETEM. MD will not be 
restored, even as the RETI or POP PSW instruction is 
executed. 


High-Speed Execution of Instructions 


This section highlights the major architectural features 
that enhance the performance of the wPD70116. 


Dual data bus in EXU 

e@ Effective address generator 

@ 16/32-bit temporary registers/shifters (TA, TB) 
@ 16-bit loop counter (LC) 

@ PC and PFP 


Dual Data Bus Method 


To reduce the number of processing steps for in- 
struction execution, the dual data bus method has 
been adopted for the wPD70116 (figure 1). The two 
data buses (the main data bus and the subdata bus) are 
both 16 bits wide. For addition/subtraction and logical 
and comparison operations, processing time has been 
reduced by some 30% over single-bus systems. 


Dual Data Buses 


Figure 1. 


FLL 


registers/shifters 


Main data bus 
83-000103A 





uUPD70116 (V30) 
Example 
ADD AW,BW ;AW<—AW+ BW 
Single Bus Dual Bus 
Step 1 TA — AW TA — AW, TB — BW 
Step 2 TB — BW AW — TA+ TB 


Step 3 AW — TA+TB 
Effective Address Generator [EAG] 


The Effective Address Generator (EAG) (figure 2) isa 
dedicated block of high-speed logic that computes 
effective addresses in two clock cycles. If an instruction 
uses memory, EAG decodes the second and/or third 
instruction bytes to determine the addressing mode, 
initiates any bus cycles needed to fetch data required 
to compute the effective address, and stores the 
computed effective address in the Data Pointer (DP) 
register. 


Calculating an effective address by the microprogram- 
ming method normally requires 5 to 12 clock cycles. 
This circuit requires only two clock cycles for addresses 
to be generated for any addressing mode. 

Thus, processing is several times faster. 


16/32-Bit Temporary Registers/Shifters [TA, TB] 


These 16-bit temporary registers/shifters (TA, TB) 
are provided for multiplication/division and_ shift/ 
rotation instructions. 


These circuits have decreased the execution time of 
multiplication/division instructions. In fact, these 
instructions can be executed about four times faster 
than with the microprogramming method. 


TA + TB: 32-bit temporary register/shifter for multi- 
plication and division instructions. 


TB: 16-bit temporary register/shifter for shift/rotation 
instructions. 


Figure 2. Effective Address Generator 


2nd or 3rd byte of Instruction 


Effective Address 


83IH-5S35A 
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Loop Counter [LC] 


This counter is used to count the number of loops fora 
primitive block transfer instruction controlled by a 
repeat prefix instruction and the number of shifts that 
will be performed for a multiple bit shift/rotation -in- 
struction. 


The processing performed for a muitipie bit rotation of 
a register is shown below. The average speed is 
approximately doubled over the microprogram method. 


Example 
RORC AW, CL 
Microprogram method LC method 
8+ (4x 5) = 28 clocks 7+5=12clocks 
Program Counter and Prefetch Pointer [PC and PFP] 


The uPD70116 microprocessor has a program counter, 
(PC) which addresses the program memory location of 
the instruction to be executed next, and a prefetch 
pointer(PFP), which addresses the program memory 
location to be accessed next. Both functions are 
provided in hardware. A time saving of several clocks 
is realized for branch, call, return, and.break instruction 
execution, compared with microprocessors that have 
only one instruction pointer. 


Enhanced Instructions 


in addition to the ~PD8088/86 instructions, the 
uPD70116 has the following enhanced instructions. 


;CL=5 


instruction Function 
PUSH imm Pushes immediate data onto stack 

PUSH R Pushes 8 general registers onto stack 

POP R Pops 8 general registers from stack 

MULimm Executes 16-bit multiply of register or memory contents 
by immediate data 

SHL immés Shifts/rotates register or memory by immediate 

SHR imm8’ value 

SHRA imm8 

ROL imm8 

ROR imms 

ROLC immés 

RORC imms 

CHKIND Checks array index against designated boundaries 

INM Moves a string from an 1/0 port to memory 

OUTM Moves a string from memory to an 1/0 port 

~ PREPARE Allocates an area for a stack frame and copies previous 

frame pointers 

DISPOSE Frees the current stack frame on a procedure exit 


16 


NEC 


Enhanced Stack Operation Instructions 

PUSH imm 

This instruction allows immediate data to be pushed 
onto the stack. 


PUSH R/POP R 


These instructions allow the contents of the eight 
general registers to be pushed onto or popped from 
the stack with a single instruction. 


Enhanced Multiplication Instructions 
MUL reg16, imm16/MUL mem16, imm16 


These instructions allow the contents of a register or 
memory location to be multiplied by immediate data. 


Enhanced Shift and Rotate Instructions 
SHL reg, imm8/SHR reg, imm8/SHRA reg, imm8 


These instructions allow the contents of a register to be 
shifted by the number of bits defined by the immediate 
data. 


ROL reg, imm8/ROR reg, imm8/ROLC reg, imm8/ 
RORC reg, imm8 


These instructions allow the contents of a register to be 
rotated by the number of bits defined by the immediate 
data. 


Check Array Boundary Instruction 
CHKIND reg16, mem32 


This instruction is used to verify that index values 
pointing to the elements of an array data structure are 
within the defined range. The lower limit of the array 
should be in memory location mem32, the upper limit 
inmem32 + 2. If the index value in reg16 is not between 
these limits when CHKIND is executed, a BRK 5 will 
occur. This causes a jump to the location in interrupt 
vector 5. 


Block 1/O Instructions 

OUTM DW, src-block/INM dst-block, DW 

These instructions are used to output or input a string 
to or from memory, when preceded by a repeat prefix. 
Stack Frame Instructions 
PREPARE imm16, imm8 


This instruction is used to generate the stack frames 
required by block-structured languages, such as 
PASCAL and Ada. The stack frame consists of two 
areas. One area has a pointer that points to another 
frame which has variables that the current frame can 
access. The other is a local variable area for the current 
procedure. 
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DISPOSE 


This instruction releases the last stack frame generated 
by the PREPARE instruction. It returns the stack and 
base pointers to the values they had before the 
PREPARE instruction was used to call a procedure. 


Unique Instructions 
In addition to the w~PD8088/86 instructions and the 


enhanced instructions, the “PD70116 has the following 


unique instructions. 


Instruction Function 

INS Insert bit field 

EXT Extract bit field 

ADD4S Adds packed decimal strings 

SUB4S Subtracts one packed decimal string from another 
CMP4S Compares two packed decimal strings 

ROL4 Rotates one BCD digit left through AL lower 4 bits 
ROR4 Rotates one BCD digit right through AL lower 4 bits 
TEST1 Tests a specified bit and sets/resets Z flag 

NOT1 Inverts a specified bit 

CLR1 Clears a specified bit 

SETi Sets a specified bit 

REPC Repeats next instruction until CY flag is cleared 
REPNC Repeats next instruction until CY flag is set 

FPO2 Additional! floating point processor call 


Figure 3. Bit Field insertion 


Bit length 
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Variable Length Bit Field Operation Instructions 


This category has two instructions: INS (Insert Bit 
Field) and EXT. (Extract Bit Field). These instructions 
are highly effective for computer graphics and high- 
level languages. They can, for example, be used for 
data structures such as packed arrays and record type 
data used in PASCAL. é 


INS reg8, reg8/INS reg8, imm4 


This instruction (figure 3) transfers low bits from the 
16-bit AW register (the number of bits is specified by 
the second operand) to the memory location specified 
by the segment base (DS, register) plus the byte offset 
(tY register). The starting bit position within this byte is 
specified as an offset by the lower 4-bits of the first 
operand. 


After each complete data transfer, the IY register and 
the register specified by the first operand are auto- 
matically updated to point to the next bit field. 


Either immediate data or a register may specify the 
number of bits transferred (second operand). Because 
the maximum transferable bit length is 16-bits, only the 
lower 4-bits of the specified register (OOH to OFH) will 
be valid. 


Bit field data may overlap the byte boundary of memory. 





Bit offset 





Byte offset (IY) 


Memory 


Byte boundary Segment base (DS1) 
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EXT reg8, reg8/EXT reg8, imm4 


This instruction (figure 4) loads to the AW register the 
bit: field data whose bit length is specified by the 
second operand of the instruction from the memory 
location that is specified by the DSO segment register 
(segment base), the IX index register (byte offset), and 
the lower 4-bits of the first operand (bit offset). 


After the transfer is complete, the IX register and the 
lower 4-bits of the first operand are automatically 
updated to point to the next bit field. 


Either immediate data or a register may be specified for 
the second operand. Because the maximum trans- 
ferrable bit length is 16 bits, however, only the lower 
4-bits of the specified register (OH to OFH) will be valid. 


Bit field data may overlap the byte boundary of memory. 
Packed BCD Operation Instructions 


The instructions described here process packed BCD 
data either as strings (ADD4S, SUB4S, CMP4S) or 
byte-format operands (ROR4, ROL4). Packed BCD 
strings may be from 1 to 254 digits in length. - 


When the number of digits is even, the zero and carry 
flags will be set according to the result of the operation. 
When the number of digits is odd, the zero and carry 
flags may not be set correctly in this case, (CL = odd), 
the zero flag will not be set unless the upper 4 bits of the 
highest byte are all zero. The carry flag will not be set 
unless there is a carry out of the upper 4 bits of the 
highest byte. When CL is odd, the contents of the upper 
4 bits of the highest byte of the result are undefined. 


Figure 4. Bit Field Extraction 
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ADD4S 


This instruction adds the packed BCD string addressed 
by the IX index register to the packed BCD string 
addressed by the IY index register, and stores the 
result in the string addressed by the IY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CY), and 
zero flag (Z). 


BCD string (IY, CL) < BCD string (IY, CL) + BCD 
string (1X, CL) 


SUB4S 


This instruction subtracts the packed BCD string 
addressed by the |X index register from the packed 
BCD string addressed by the IY register, and stores the 
result in the string addressed by the IY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CY), and 
zero flag (Z). 


BCD string (IY, CL) — BCD string (IY, CL) — BCD 
String (IX, CL) 


CMP4S 


This instruction performs the same operation as 
SUB4S except that the result is not stored and only the 
overflow (V), carry flags (CY) and zero flag (Z) are 
affected. 


BCD string (IY, CL) — BCD string (1X, CL) 


Byte offset (IX) 


Byte Boundary 


Segment base (DSO) 


83-000107B 


NEC 


ROL4 


This instruction (figure 5) treats the byte data of the 
register or memory operand specified by the instruction 
as BCD data and uses the lower 4 bits of the AL register 
(AL,) to rotate that data one BCD digit to the left. 


Figure 5. BCD Rotate Left (ROL4) 


reg/mem 


Upper Lower Upper Lower 
4 bits 4bits 4 bits 4 bits 
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ROR4 


This instruction (figure 6) treats the byte data of the 
register or memory specified by the instruction as BCD 
data and uses the lower 4 bits of the AL register (AL; ) to 
rotate that data one BCD digit to the right. 


Figure 6. BCD Rotate Right (ROR4) 


7 AL 0 teg/imem 


Upper Lower Upper Lower 
4 bits 4 bits ei 4 bits 4 bits Bl 
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Bit Manipulation Instructions 

TEST1 

This instruction tests a specific bit in a register or 
memory location. If the bit is 1, the Z flag is reset to 0. If 
the bit is 0, the Z flag is set to 1. 

NOT1 

This instruction inverts a specific bit in a register or 
memory location. 

CLR1 

This instruction clears a specific bit in a register or 
memory location. 

SET1 

This instruction sets a specific bit in a register or 
memory location. , 

Repeat Prefix Instructions 

REPC 

This instruction causes the wPD70116 to repeat the 
following primitive block transfer instruction until the 


CY flag becomes cleared or the CW register becomes 
zero. . 


vPD70116 (V30) 


REPNC 


This instruction causes the 4PD70116 to repeat the 
following primitive block transfer instruction until the 
CY flag becomes set or the CW register becomes zero. 


Floating Point Instruction 
FPO2 


This instruction is in addition to the ~PD8088/86 
floating point instruction, FPO1. These instructions 
are covered in a later section. 


Mode Operation Instruction 


The wPD70116 has two operating modes (figure 7). 
One is the native mode which executes uwPD8088/86, 
enhanced and unique instructions. The other is the 
8080 emulation mode in which the instruction set of 
the wPD8080AF is emulated. A mode flag (MD) is 
provided to select between these two modes. Native 
mode is selected when MD is 1 and emulation mode 
when MD is 0. MD is set and reset, directly and 
indirectly, by executing the mode manipulation 
instructions. 


Two instructions are provided to switch operation 
from the native mode to the emulation mode and back. 


BRKEM (Break for Emulation) 
RETEM (Return from Emulation) 


Two instructions are used to switch from the emulation 
mode to the native mode and back. 


CALLN (Call Native Routine) 
RETI (Return from Interrupt) 


The system will return from the 8080 emulation mode 
to the native mode when the RESET signal is present, 
or when an external interrupt (NMI or INT) is present. 


Figure 7. V30 Modes 


HOLD REQ/HOLD ACK 


~_e 


| Native Mode 


8088/86 
Enhanced 
and Unique 
Instruction Set 


RESET, NMI, or INT and JE 


Halt 


INT and ID Idle at 
10% Power 


Standby 


ne Mode 


8080 Emulation HOLD REQ/HOLD ACK 


8080 Mode 
83-000775A 
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BRKEM imm8 


This is the basic instruction used to start the 8080 
emulation mode. This instruction operates exactly the 
same as the BRK instruction, except that BRKEM 
resets the mode flag (MD). to 0. PSW, PS, and PC are 
saved to the stack. MD is then reset and the interrupt vector 
specified by the operand imm8 of this command is 
loaded into PS and PC. 


The instruction codes of the interrupt: processing 
routine jumped to are then fetched. Then the CPU 
executes these codes as wPD8080AF instructions. 


In 8080 emulation mode, registers and flags of the 
MPD8080AF are performed by the following registers 
and flags of the uPD70116. 















































vPD8O80AF yPD70116 
Registers: A AL 
B . CH 
C . CL 
D DH 
E DL 
H BH 
L BL 
SP BP 
—- PC PC 
Flags: C CY 
Z Z 
S 
P P 
AC AC 


In the native mode, SP is used for the stack pointer. In the 
8080 emulation mode this function is performed by BP. 


This use of independent stack pointers allows indepen- 
dent stack areas to be secured for each mode and 
keeps the stack of one of the modes from being 
destroyed by an erroneous stack operation in the other 
mode. 


The SP, IX, lY and AH registers and the four segment 
registers (PS, SS, DSg, and DS1) used in the native 
mode are not affected by operations in 8080 emulation 
mode. 

In the 8080 emulation mode, the segment register for 
instructions is determined by the PS register (set 
automatically by the interrupt vector) and the segment 
register for data is the DSg register (set by the 
programmer immediately before the 8080 emulation 
mode is entered). 


It is prohibited to nest BRKEM instructions. 
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RETEM [no operand] 


When RETEM is executed in 8080 emulation mode 
(interpreted by the CPU as a yPD8080AF instruction), 
the CPU restores PS, PC, and PSW (as it would when 
returning from an interrupt processing routine), and 
returns to the native mode. At the same time, the 
contents of the mode flag (MD) which was saved to the 
stack by the BRKEM instruction, is restored to MD = 1. 
The CPU is set to the native mode. 


CALLN imms 


This instruction makes it possible to call. the native 
mode subroutines from the 8080 emulation mode. To 
return from subroutine to the 8080 emulation mode, the © 
RET instruction is used. 


The processing performed when this instruction is 
executed in the 8080 emulation mode (it is interpreted 
by the CPU as wPD8080AF instruction), is similar to 
that performed when a BRK instruction is executed in the 
native mode. The imm8 operand specifies an interrupt 
vector type. The contents of PS, PC, and PSW are 
pushed on the stack and an MD flag value of Ois saved. 
The mode flag is set to 1 and the interrupt vector 
specified by the operand is loaded into PS and PC. 


RETI [no operand] 


This is a general-purpose instruction used to return 
from interrupt routines entered by the BRK instruction 
or by an external interrupt in the native mode. When 
this instruction is executed at the end of a subroutine 
entered by the execution of the CALLN instruction, the 
operation that restores PS, PC, and PSW is exactly the 
same as the native mode execution. When PSW is 
restored, however, the 8080 emulation mode value of 
the mode flag (MD) is restored, the CPU is set in 
emulation mode, and ail subsequent instructions are 
interpreted and executed as uPD8080AF instructions. 


RET1is also used to return from an interrupt procedure 
initiated by an NMI or INT interrupt in the emulation 
mode. 


Floating Point Operation Chip 
Instructions 


FPO1 fp-op, mem 
FPO2 fp-op, mem 


These instructions are used for the external floating 
point processor. The floating point operation is passed 
to the floating point processor when the CPU fetches 
one of these instructions. From this point the CPU 
performs only the necessary auxiliary processing 
(effective address calculation, generation of physical 
addresses, and start-up of the memory read cycle). 
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The floating point processor always monitors the 
instructions fetched by the CPU. When it interprets one 
as an instruction to itself, it performs the appropriate 
processing. At this time, the floating point processor 
chip uses either the address alone or both the address 
and read data of the memory read cycle executed by the 

CPU. This difference in the data used depends on 

which of these instructions is executed. 

Note: During the memory read cycle initiated by the CPU for FPO1 
or FPO2 execution, the CPU does not. accept any read data 
on the data bus from memory. Although the CPU generates 
the memory address, the data is used by the floating point 
processor. 


Interrupt Operation 
The interrupts used in the wPD70116 can be divided 
into two types: interrupts generated by external inter- 
rupt requests and interrupts generated by software 
processing. These are the classifications. 
External interrupts 

(a) NMI input (nonmaskable) 

(b) INT input (maskable) 
Software processing 
As the result of instruction execution 


— When a divide error occurs during execution 
of the DIV or DIVU instruction 

— When a memory-boundary-over error is detected 
by the CHKIND instruction 


Conditional break instruction 

— When V = 1 during execution of the BRKV 
instruction 

Unconditional break instructions 


— 1-byte break instruction: BRK3 
— 2-byte break instruction: BRK imm8 


Flag processing (Single-step) 


— When stack operations are used to set the 
BRK flag 


8080 Emulation mode instructions 


— BRKEM imms 
— CALLN imm8s 


Starting addresses for interrupt processing routines 
are either determined automatically by a single location 
of the interrupt vector table or selected each time 
interrupt processing is entered. 
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The interrupt vector table is shown in figure 8. The 
table uses 1K bytes of memory addresses O000H to 
3FFH and can store starting address data for a 
maximum of 256 vectors (4 bytes per vector). 


The corresponding interrupt sources for vectors 0 
to 5 are predetermined and vectors 6 to 31 are re- 
served. Consequently these vectors cannot be use for 
general applications. 


The BRKEM instruction and CALLN instruction (in the 
emulation mode) and the INT input are available for 
general applications for vectors 32 to 255. 


Asingle interrupt vector is made up of 4 bytes (figure 9). 
The 2 bytes in the low addresses of memory are 
loaded into PC as the offset, and the high 2 bytes are 
loaded into PS as the base address. The bytes are 
combined in reverse order. The lower-order bytes in 
the vector become the most significant bytes in the PC 
and PS, and the higher-order bytes become the least 
significant bytes. 


Figure 8. Interrupt Vector Table 


Divide Error 
Break Flag 
NMI Input 
-- Dedicated 


BRK 3 Instruction 


BRKV Instruction 





CHKIND instruction 


| Reserved 
aes 


General Use 





Vector 32 


Vector 255 


© BRK imm6 Instruction 
@ BRKEM Instruction 
© INT Input [External] 
® CALLN instruction 
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Figure 9. 


Interrupt Vector 0 





PS < (003H, 002H) 
PC < (001H, 000H) 


Based on this format, the contents of each vector 
should be initialized at the beginning of the program. 


The basic steps to jump to an interrupt processing 
routine are now shown. 


(SP - 1, SP - 2) — PSW 
(SP -3, SP-4)<—PS 
(SP - 5, SP - 6) — PC 

SP — SP-6 

IE — 0, BRK —0, MD — 0 
PS <— vector high bytes 
PC < vector low bytes 


Standby Function 


The wPD70116 has a standby mode to reduce power 
consumption during program wait states. This mode is 
set by the HALT instruction in both the native and the 
emulation mode. 


In the standby mode, the internal clock is supplied only 
to those circuits related to functions required to 
release this mode and bus hold control functions. As a 
- result, power consumption can be reduced to 1/10 the 
‘level of normal operation in either native or emulation 
mode. 


The standby mode is released by inputting a RESET 
signal or an external interrupt (NMI, INT). 


The bus hold function is effective during standby 
mode. The CPU returns to standby mode when the bus 
hold request is removed. 


During standby mode, all contro! outputs are disabled 
and the addres/data bus will be at either high or low 
levels. 
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Instruction Set 
Symbols 


Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 


Clocks 


In the Clocks column ofthe instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 


Clock timings assume the instruction has been pre- 
fetched and is present in the four-byte instruction 
queue. Otherwise, add four clocks for each byte not 
present. 


For instructions that reference memory operands, the 
number on the left side of the slash (/) is for byte 
operands and the number on the right side is for word 
operands. 


For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 


if a range of numbers is given, the execution time 
depends on the operands involved. 


Symbols 

Symbol Meaning 

acc Accumulator (AW or AL) 

disp Displacement (8 or 16 bits) 

dmem Direct memory address | 

dst Destination operand or address 

dst-block Name of block addressed by IY register 

ext-disp8 16-bit displacement (sign-extension byte 
+ 8-bit displacement) 

far_label Label within a different program 
segment 

far_proc Procedure within a different program 
segment 

fp_op Floating point instruction operation 

imm 8- or 16-bit immediate operand 
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Symbols 
Symbol 
imm3/4 
imm8 
immi6 
mem 


mems 
mem16 
mem32 
memptr16 


memptr32 


mod 
near_label 
near_proc 
offset 
pop_value 
reg 


reg8 
regi6 
regptr 


regptr16 


seg 
short_label 


sr 
src 
src-block 
src-table 
temp 
tmpcy 
AC 

AH 

AL 
ANDA 
AW 

BH 

BL 

BP 

BRK 

BW 

CH 


Meaning 

3- or 4-bit immediate bit offset 
8-bit immediate operand 
16-bit immediate operand 


Memory field (000 to 111); 
8- or 16-bit memory location 


8-bit memory location 
16-bit memory location 
32-bit memory location 


Word containing the destination address 
within the current segment 


Double word containing a destination 
address in another segment 


Mode field (00 to 10) 

Label within the current segment 
Procedure within the current segment 
Immediate offset data (16 bits) 

Number of bytes to discard from the stack 


Register field (000 to 111); 
8- or 16-bit general-purpose register 


8-bit general-purpose register 
16-bit general-purpose register 


16-bit register containing a destination 
address within the current segment 


Register containing a destination address 
within the current segment 


Immediate segment data (16 bits) 


Label between —128 and +127 bytes from 
the end of the current instruction 


Segment register 

Source operand or address 

Name of block addressed by IX register 
Name of 256-byte translation table 
Temporary register (8/16/32 bits) 
Temporary carry flag (1 bit) 
Auxiliary carry flag 

Accumulator (high byte) 
Accumulator (low byte) 

Logical product 

Accumulator (16 bits) 

BW register (high byte) 

BW register (low byte) 

Base pointer (16 bits) 

Break flag 

BW register (16 bits) 

CW register (high byte) 


Symbol 
CL 
cw 
CY 

DH 
DIR 

DL 
DSO 
DS1 


ORV 


PS 
PSW 


$ 

SP 

SS 

TA 

TB 

TC 

V 

W 

X, XXX, YYY, ZZ2Z 


XOR¥ 
XXH 
XXXXH 
Z 


() 


_— 


% 
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Meaning 

CW register (low byte) 

CW register (16 bits) 

Carry flag 

DW register (high byte) 

Direction flag 

DW register (low byte) 

Data segment 0 register (16 bits) 
Data segment 1 register (16 bits) 
DW register (16 bits) 

Interrupt enable flag 

Index register (Source) (16 bits) 
Index register (destination) (16 bits) 
Mode flag 

Logical sum 

Parity flag 

Program counter (16 bits) 
Program segment register (16 bits) 
Program status word (16 bits) 
Register set 


Sign extend operand field 

S=0 No sign extension 

S=1 Sign extend immediate byte 
operand 


Sign flag 

Stack pointer (16 bits) 

Stack segment register (16 bits) 
Temporary register A (16 bits) 
Temporary register B (16 bits) 
Temporary register C (16 bits) 
Overflow flag 

Word/byte field (0 to 1) 


Data to identify the instruction code of the 
external floating point arithmetic chip 


Exclusive logical sum 
Two-digit hexadecimal value 
Four-digit hexadecimal value 
Zero flag 


Values in parentheses are memory contents 


Transfer direction 
Addition 
Subtraction 
Multiplication 
Division 

Modulo 
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Flag Operations 


Symbol 
(blank) 
0 
1 
X 
u 
R 


Meaning 
No change 

- Cleared to 0 
Set to 1 


Set or cleared according to result 


Undefined 


Restored to previous state 


Memory Addressing Modes 


mem 
000 
001 
010 
011 
100 
101 
110 
111 








Instruction Set 


Mnemonic 


MOV 


LDEA 
TRANS 
XCH 


mod = 00 mod = 01 mod = 10 

BW + IX BW +X + disp8 BW + IX + disp16 

BW + IY BW + IY + disp8 BW +1Y + disp16 

BP + IX BP + IX + disp8 BP + IX + disp16 

BP + IY BP +lY + disp8 BP + lY + disp16 

IX IX + disp8 IX + disp16 

lV \Y + disp8 \Y + disp16 

Direct BP + disp8 BP + disp16 

BW BW + disp8 BW + disp16 
Operand 765 4 3 1 

Data Transfer Instructions 

reg, reg 1000101 
mem, reg 100010 0 
reg, mem 1000101 
mem, imm 11000141 
reg, imm 1.01 1 W = reg 
acc, dmem 1010000 
dmem, acc 1010001 
sr, regi6 1000111 
sr, mem16 1000%1i141 
regi6, sr 10003110 
mem16, sr 1000110 
DSO, regi6, mem32 1100010 
DS1, reg16, mem32 11000 1.0 
AH, PSW 100141141 
PSW, AH | 100%14%4%141 
regi6, memi6 - 1000110 
sre_table 11010141 
reg, reg 10000114 
mem, reg 1000011 
AW, regi6 10010 reg 
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Register Selection (mod = 11) 























reg W=0 W=1 
000 AL AW 
001 CL CW 
010 DL DW 
011 BL BW 
100 AH SP 
101 CH BP 
110 DH IX 
111 BH lY 
Segment Register Selection 
st ~ Segment Register 
00 DS1 
01 PS 
10 Sts) 
11 ~ DSO 
Opcode Flags 

765 4 3 2 1 0 Clocks Bytes AC CYV P § Z 
11 reg reg 2 2 
mod reg mem 9/13 2-4 
mod reg mem 1/15 92-4 
mod 000 #£mem 11/15 3-6 

4 2-3 

10/14 3 

9/13 3 
110 Sr reg 2 2 
mod 0 sr mem 11/15 2-4 
110 sF reg 2 2 
mod 0 sr mem 10/14 2-4 
mod reg mem 18/26 2-4 
mod reg mem 18/26 2-4 

2 1 

3 1 x Xx Xx X X 
mod reg mem 4 2-4 

9 1 
114 reg reg 3 2 
mod reg mem 16/24 2-4 

3 1 
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Instruction Set (cont) 





, Opcode Flags 
Mnemonic Operand 76543210 765 43 2 1 0 Clocks Bytes ACCYV PS Z 
REPC 01100101 2 1 
REPNC 01100100 2 1 
REP 111100141 2 1 
REPE 
REPZ 
REPNE 11110010 2 1 
REPNZ 
Block Transfer Instructions 
MOVBK dst, src 10100%10W 114+ 8n 1 
CMPBK dst, src 10100%311W 7+14n 1 xX X X X X X 
CMPM dst 101011 41W 7+10n 1 XxX X X X X X 
LDM src 101041%10W 7+9n 1 
STM dst 1010%310%1W 7+4n 1 
n = number of transfers 
1/0 Instructions 
IN acc, imm8 1110010W 9/13 2 
acc, DW 11101%10O0W 8/12 1 
OUT immé, acc 1110041%41W 8/12 2 
DW, acc 1110314141 %41W 8/12 1 
INM dst, DW 0110%1%10W 9+8n 1 
OUTM - DW, sre 0110%1%1%1W 9+8n 1 
n = number of transfers 
BCD Instructions 
ADJBA 001101141 3 1 xX X UU UU 
ADJ4A 001001141 3 1 X X UX X X 
ADJBS 001111141 7 1 xX X UU UU 
ADJ4S 001014111 7 1 X X UX X X 
ADD4S dst, src 00001%11 1 00100000 7+19n 2 u X UU U X 
SUB4S dst, src 000071411717 001000140 741% 2 ux uuu xXx 
CMP4S dst, src 000011141 00100110 %74+19n 2 u X UU U X 
ROL4 reg8 oo00017T1711 00101000 28 3 
1100 0 ~~ reg , 
mems 000071711 00101000 2 3-5 
mod 0 0 0 mem 
ROR4 reg 00001111 001031010 2 3 
1100 0~— reg 
memés 0000111411 00101010 #33 3-5 
mod 0 0 0 mem 


n = number of BCD digits divided by 2 


i 
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Instruction Set (cont) 





Opcode Flags 
Mnemonic Operand 76543210 765 43 2 1 0 Clocks Bytes AC CYV P § Z 
Data Type Conversion Instructions . . 
CVTBD 110101900 00001010 18 2 uuu xX X X 
CVTDB 1103101041 0 0 2 uuu xX X X 
CVTBW 10011000 1 
CVTWL 10011001 4-5 1 
Arithmetic Instructions 
ADD reg, reg 0000001W 141 reg reg 2 2 Xx X X X X X 
mem, reg 000000 0W = mod reg mem 16/24 2-4 X-X X X X X 
reg, mem 000000 1W = mod reg mem 11/15 = 2-4 Xx X X X X X 
reg, imm 100000SW 11000 reg 4 3-4 XX XXX X- 
mem, imm 1000008 W- mod 0 0 0 mem 18/26 3-6 Xx X X X X X 
acc, imm 0000010W 4 2-3 xX X X X X X 
ADDC reg, reg 0001001W 141 reg reg 2 2 xX X X X X X 
mem, reg 000100 0W-=— mod reg mem 16/24 2-4 xX X X X X X 
reg, mem 0003100 %1W~— mod reg mem 11/15 92-4 xX X X X XX 
reg, imm 100000S W 1101 0 ~~ reg 4 3-4 Xx X XX XX. 
mem, imm 1000008 W- mod 010 mem 18/26 3-46 xX X X X X X 
acc, imm 000310%10W 4 2-3 xX X X X X X 
SUB reg, reg 00103101W 141 reg reg 2 2 X X X X X X 
mem, reg 0010%100W-~ “mod reg mem 16/24 2-4 x XX X xX Xx 
reg, mem 001010 %1W- mod -~ reg mem 11/15 = 2-4 xX X X X X X 
reg, imm 100000SW 1411041 ~~ reg 4 3-4 X X X X X X 
mem, imm 100000S W mod 10 1 =mem _— 18/26 3-6 Xx XX X X X 
acc, imm 0010110W 4 2-3 xXx X X X X X 
SUBC reg, reg 00031%10%1W i141 reg reg 2 2 Xx X X X X X 
mem, reg 00011410 0W-— mod reg mem 16/24 2-4 X X X X X X 
reg, mem 000110 %1W-— mod reg mem 11/15 2-4 Xx X X X X X 
reg, imm 100000SW 14101 1~— reg 4 3-4 X.X X X XX 
mem, imm 100000S W =*mod 011 mem = 18/26 346 x xX Xx X xX X 
acc, imm 0001%1%10W 4 2-3 X X°X X X X 
INC reg8 1711411141110 141000 =. reg 2 2 X xX X X X 
mem 111411 1W mod 0 00 mem 16/24 92-4 x X X X X 
regi6 0100 0 ~— reg 2 1 Xx xX X X X 
DEC reg8 Te AO et Oe Os 0 te oteg 2 2 Xx xX X X X 
mem 11131431731 %1W mod 001° mem 16/24 2-4 X Xx X X X 
regi6 01001 reg . 2 1 xX xX XX xX 
MULU reg 1111710711 W 114 10 0 ~~ reg 21-30 2 u X X UU U 
mem 11140314 1W  =mod 100 mem 27-36 2-4 u X X U UU 
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Instruction Set (cont) 





























Opcode Flags 
Mnemonic Operand 76543210 765 4 8 2 1 0 Clocks Bytes AC CYV P § Z 
Arithmetic Instructions (cont) 
MUL reg 11110131 1W +1410 1 reg 33-47 2 u Xx X UU U 
mem 11143104 14 W- mod 10 1°) mem 39-53 2-4 u xX X UU iU 
reg 16,reg16,imm8 0110101 1 11 reg reg 28-34 3 u xX X UU U 
reg 16,mem16,imm8 01141041011 mod reg mem 34-40 3-5 u xX X U UU 
reg 16,reg16,imm16 01101001 11 reg reg 36-42 4 u xX X UU U 
reg16,mem16,imm16 01101001 mod reg mem 46-48 4-6 u xX X UU U 
DIVU reg 117107 1W 11 1 71 0 reg 19-25 2° uuu U UU 
mem 11131034 %4W  =omod 110 mem 25-31 2-4 u uu UU _U 
DIV reg 171%413%70%31%1W 149349 71~+4 reg 29-43 2 uuuUuUU JU 
mem 1111034 %1W mod 11°14  ~=mem 35-49 2-4 UuuUuuUdUJU JU 
Comparison Instructions 
CMP reg, reg 00114%70%1W 14 reg reg 2 2 Xx X X X X X 
mem, reg 001110 0W-— mod reg mem 11/15 = 2-4 X X X X X X 
reg, mem 0011310 1W = mod reg mem 11/15 2-4 X X X X X X 
reg, imm 100000SW 1414111 1 reg 4 3-4 X X X X X X 
cem, imm 100000S W mod 111° mem 13/17 3-6 xX X X X X X 
acc, imm 0011311 0W 4 2-3 Xx X X X X X 
Logical Instructions 
NOT reg 111101 %1W 44101 0 =~ reg 2 2 
mem 11141 %10%%14W  =mod 010 mem 16/24 2-4 
NEG reg 1111014 1%W #4401 41 ~~) reg 2 2 xX X X X X X 
mem 117131031 %1W mod 01 141° =mem 16/24 92-4 X X X X X X 
TEST reg, reg 10000%10W 11 reg reg 2 2 u 00x x x 
mem, reg 10000 10W = mod reg mem 10/14 2-4 u 00x x x 
reg, imm 11117101 1W 110 0 0 reg 4 3-4 u 00x x x 
mem, imm 1411411031 1W mod 00 0— mem 11/15 3-6 u 00x x x 
acc, imm 1010%100W 4 2-3 u 00x x x 
AND reg, reg 0010001W 1 =#=1-~ reg reg 2 2 u 00x x x 
mem, reg 0010000 W— mod reg mem 16/24 2-4 u 00x x x 
reg, mem 001000 1W~— mod reg mem 11/15 2-4 u 00x x x 
reg, imm 1000000W 1 #110 0 reg 4 3-4 u 00x x x 
mem, imm 1000000W mod 10 0° mem 18/26 3-6 u 00x x x 
acc, imm 00100%10W 4 2-3 u 00x x x 
OR reg, reg 0000101W 141 reg reg 2 2 u 00x x x 
mem, reg 0000100 W-— mod reg mem 16/24 2-4 u 00x x x 
reg, mem 000010 %1W~— mod reg mem 11/15 2-4 u 00x x x 
reg, imm 1000000W 114100 1 reg 4 3-4 u 00x x x 
mem, imm 1000000W mod 00 1 =mem 18/26 3-6 u 00x x x 
acc, imm 0000%1%10W 4 2-3 u 00x x x 
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Instruction Set (cont) 


Mnemonic 


Operand 


Logical Instructions (cont) 


XOR 


reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 


Bit Manipulation Instructions 


INS 


EXT 


TESTI 


SET1 


CLR1 
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reg8, reg8 
reg8, imm4 
reg8, reg8 
reg8, imm4 
reg, CL 

mem, CL 

reg, imm3/4 
mem, imm3/4 
reg, CL 

mem, CL 

reg, imm3/4 
mem, imm3/4 


CY 
DIR 
reg, CL 


mem, CL 
reg, imm3/4 
mem, imm3/4 


CY 
DIR 


otlsjae]|o!]lo|] o& 
o};/oO]o};]o]o}o 
-—lo!lo;|ajio]oa 
=—a|[|-oto]|]—/|—/] — 
o;}o;]o];]o;]o|!|o 
-—||/O]/O}]O]o!o 


a) 
eo 


oOo 
noloe 


ca 


° oO °o 
=a;ja~fiaaodsinaols ao] o]-a|}]—3/ A 0o;4 oO]; RMR CO] CoO;aAaol]saolraro/;sao]-oi;fea;s0] +0 


° 


fo] 


oO 


aj l_oo!ljoolroo;roo;-|H(/oo;o0oo|i;oo;oo,;oo co; oo;oo|,|cooeo 
ajo l_oo!;ooroo;roco;—-i He poo; oo roo;oo;oo;ooroo,;oo;coo 
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114 


reg 


11 
reg 


11 
reg 


reg 


7 6 


11 
mod 
mod 
11 
mod 


Clocks 


16/24 
11/15 


18/26 


31-117 


31-117 


26-55 


26-55 


14 


als) 


Bytes 


2-4 
2-4 
3-4 


3-5 


4-6 


3-5 


4-6 


3-5 


4-6 


NEC 


Flags 
ACCYV P § Z 
u X xX X 
u Xx X 
u xX X X 


Cc 
< 
~< 
x< 


NE C uPD70116 (V30) 


Instruction Set (cont) 











Opcode . Flags 
Mnemonic Operand 76543 21 0 765 43 2 1 0 Clocks Bytes AC CYV P § Z 
Bit Manipulation Instructions (cont) 
NOT1 reg, CL 00001111 000101 1W 4 3 
1100 0 reg 
mem, CL 0000711171171 O0001011W 3-5 
mod 0 0 0 mem 
reg, imm3/4 0000117111 %O001111W 5 4 
1100 0 reg 
mem, imm3/4 000011 14°1 00011%1%1W 19 4-6 
mod 0 0 0 mem 
CY 111101041 2 1 Xx 
Shift/Rotate Instructions 
SHL reg, 1 1101000W 141100 reg 2 2 u xX°X X X X 
mem, 1 11710 170 00W #=mod 10 0— mem 16/24 2-4 X X X X X 
reg, CL 110100%31W 411140 0~— reg 7+n 2 u xX UX X X 
mem, CL 110 100%1W #=mod 10 0° mem 9+n 2-4 u xX UX X X 
reg, imm8 1100000W 1110 0° reg 7+7n 3 u X UX X X 
mem, imm8 110000 0W mod 10 0° mem 9+n 3-45 u X U X X X 
SHR reg, 1 1101000W 411014 ~~ reg 2 2 u Xx X X X X 
mem, 1 110100 0W #=mod 1041 + =mem 16/24 2-4 u xX X X X X 
reg, CL 110100%1W 41414 10 71 ~~ reg 7+n 2 u X UX X X 
mem, CL 110100 %1W j§ mod 1014 = #=mem 9+n 2-4 u xX U X X X 
reg, imm8 1100000W 117101 reg 7+n 3 u xX x X X 
mem, imm8 1100000W ==mod 101° =mem 9t+n 345 u X UX X X 
n = number of shifts 
SHRA reg, 1 11031000W 141141141 reg 2 2 u x 0 xX XxX xX 
mem, 1 110100 0W mod 11411 = #=2mem 16/24 92-4 u x 0 xX X X 
reg, CL 110100e414W 149411 41 reg 7+10 2 u X UX X X 
mem, CL 110100 %1W =mod 1 11° «XmMem W+n 2-4 uu xX UX X X 
reg, immé8 1100000W 111 4 41 reg 7+n 3 u X u X X X 
mem, imm8 110000 0W mod 111° =mem 9+n 3-5 u X UX X X 
ROL reg, 1 110%1000W 14100 0 = reg 2 2 xX X 
mem, 1 110 100 0W # =«mod 00 0-— mem 16/24 2-4 xX x 
reg, CL 1101001W 11000 reg 7+n 2 KU 
mem, CL 1.10100 %1W mod 00 0 mem 9+n 2-4 xX u 
reg, imm 1100000W 141000 reg 7+n 3 X U 
mem, imm 110000 0W =~*mod 0 0 0° mem 9+n 3-5 xX uU 
ROR reg, 1 1101000W #1410 01 ~~ reg 2 2 xX xX 
mem, 1 110 1000W mod 001° =mem 16/24 2-4 xX X 
reg, CL 1103100e31W 14100 1 reg 7+n 2 x U 
mem, CL 110100 %1W =mod 0 01° mem Wt+n 2-4 x u 
reg, imm8 1100000W 141001 reg 7+7n 3 xX u 
mem, imm8 110000 0W mod 0 0 1 = mem 9+n 3-5 XU 
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Instruction Set (cont) 


Opcode Flags 
Mnemonic Operand 76543210 765 43 2 1 0 Clocks Bytes ACCYV P § Z 
Shift/Rotate Instructions (cont) . 
ROLC reg, 1 1101000W 11010 ~— reg 20° 2 xX Xx 
mem, 1 1101000W =mod 010 = mem 16/24 2-4 x xX 
reg, CL 1101001W 14101 0 ~~ reg 7+n 2 xX u 
mem, CL 110%100%14W #«mod 0141 0 + mem W+n 2-4 xX U 
reg, imm8 1100000W 11010 ~— reg 7+n 3 xX U 
mem, imm8 1100000W =mod 010 + mem 9+n 3-5 xX uU 
RORC reg, 1 1101000W 11011 reg 2 2 X X 
mem, 1 110140 00W #=mod 011° =mem 16/24 2-4 xX X 
reg, CL 1103100431W 144101 1 reg 7+28 2 xX U 
mem, CL 110100 %1W =mod 011 + #=mem 9+n 2-4 X U 
reg, imm8 1100000W 11011 reg 7+n 3 xX u 
mem, imm8 1100000W #=mod 011° =mem 9+n 3-45 xX uU 
n = number of shifts 
Stack Manipulation Instructions 
PUSH memi6 a a oe ee a mod 110 mem 18/26 2-4 
regi6 0101 0~— reg 8/12 1 
sr 000 sr 110 8/12 1 
PSW 10011100 8/12 1 
R 01100000 35/67 1 
imm 0110108 0 7-8 2-3 
POP memi6 100011414 + mod0 0 0 mem 17/25 24 : 
regi6 01011 reg 8/12 1 
sr 000 sr 111 8/12 1 
PSW 1001 101 8/12 1 RRRRR 
R 01100001 43/751 
PREPARE imm16, imm8 110 1000 yi 4 
*imm8 = 0: 12/16 
imm8 = 1: 19 + 8 (imm8 — 1): even address 
23 + 16 (imm8-1): odd address 
DISPOSE 110010041 6/10 1 
Control Transfer Instructions 
CALL near_proc . 11101000 16/20 3 
regptr 111141%H41t4 1101 °0~— reg 14/18 2 
memptr16 1141411141 mod 0 1 0 mem 23/31 = 2-4 
far_proc 100131010 21/29, 5 
memptr32 1.11111 1414 &+2-mod 0114 mem 31/47 2-4 
RET 110000141 15/19 1 
pop_value 11000010 20/24 3 
11001011 21/294 
pop_value 11001010 24/32. 3 
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Instruction Set (cont) 





Opcode Flags 
Mnemonic Operand 76543210 765 43 2 1 0 Clocks Bytes ACCYV P § Z 


Control Transfer Instructions (cont) 














BR near_label 111010041 13 3 

short_label 111010141 12 2 

regptr 1117131913141 1110 0 reg 11 2 

memptr16 1111314414141 mod 10 0 mem 20/24 = 2-4 

far_tabel 11101010 15 5 

memptr32 1417417144441 mod 101 mem 27/35 2-4 
BV short_label 013i1%10000 14/4 2 
BNV short_label 011310001 14/4 2 
BC, BL short_label 01110010 14/4 2 
BNC, BNL short_label 01110011 14/4 2 
BE, BZ short_label 01110100 14/4 2 
BNE, BNZ short_label 011101041 14/4 2 
BNH short_label 01110110 14/4 2 
BH short_label 011317101141 14/4 2 
BN short_label 01111000 14/4 2 
BP short_iabel 01111001 14/4 2 
BPE short_label 01111010 14/4 2 
BPO short_label 0114110147 14/4 2 
BLT short_label 01111100 14/4 2 
BGE short_label 01111101 14/4 2 
BLE short_label 01114141 10 14/4 2 
BGT short_label 0111431414141 14/4 2 
DBNZNE short_label 11100000 14/5 2 
DBNZE short_label 11100001 14/5 2 
DBNZ short_label 11100010 13/5 2 
BCWZ short_label 111000141 13/5 2 
interrupt Instructions 
BRK 3 1100%1%10 0 38/50 1 

imm8s 110031101 38/50 2 
BRKV imm8s 110011410 40/3 1 
RET 1100141141 27/39 1 R RRRRR 
CHKIND regi6, mem32 01100010 mod reg mem 53-56/18 2-4 
BRKEM imms 0000111 1 111147 #11 1 = «38/50 3 
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NEC 





Instruction Set (cont) 





Mnemonic Operand ° 7 
CPU Control Instructions 
HALT 1 
BUSLOCK 1 
FPO1 fp_op 1 
fp_op, mem 1 
FPO2 fp_op 0 
fp_op, mem 0 
POLL 1 
NOP 1 
DI 1 
El 1 
8080 Instruction Set Enhancements 
RETEM 1 
CALLN imms 1 
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Opcode 

210 7654321 ~0 
10 0 

000 

XXX 1T1YYYZ222 
X X X mod Y Y Y~ mem 
11X s11YYYZ22Z22 
1 1X mod Y Y Y mem 
011 

= number of times POLL pin is sampled. 
000 

010 

011 

10 113131141 1 
101 11101 1 


Clocks 


11/15 


qW/15 
2+5n 


27139 
38/58 


Flags 
Bytes ACCYV P $ Z 


1 
1 
2 
2-4 
2 
2-4 
1 


2 RR RRR R 


NEC 


NEC Electronics Inc. 


uUPD70208 (V40) 
8/16-Bit Microprocessor: 
High-Integration, CMOS 





Description 


The wPD70208 (V40™) is a high-performance, low- 
power 16-bit microprocessor integrating a number of 
commonly used peripherals to dramatically reduce the 
size of microprocessor systems. The CMOS construc- 


tion makes the ~PD70208 ideal for the design of 


portable computers, instrumentation, and process 
control equipment. 


The uPD70208 contains a powerful instruction set that 
is compatible with the wPD70108/uPD70116 (V20®/ 
V30®) and uwPD8086/uPD8088 instruction sets. In- 
struction set support includes a wide range of arith- 
metic, logical, and control operations as well as bit 
manipulation, BCD arithmetic, and high-speed block 
transfer instructions. The uwPD70208 can also execute 
the entire yPD8080AF instruction set using the 8080 
emulation mode. Also available is the ~PD70216 (V50™), 
identical to the wPD70208 but with a 16-bit external 
data bus. 


Features 


(] Low-power CMOS technology 
1 V20/V30 instruction set compatible 
O Minimum instruction execution time: 250 ns 
(at 8 MHz) 
CL] Direct addressing of 1M bytes of memory 
C] Powerful set of addressing modes 
C) Fourteen 16-bit CPU registers 
C] On-chip peripherals including 
— Clock generator 
— Bus interface 
— Bus arbitration 
— Programmable wait state generator 
— DRAM refresh controller 
— Three 16-bit timer/counters 
— Asynchronous serial I/O controller 
— Eight-input interrupt controller 
— Four-channel DMA controller 
CO) Hardware effective address calculation logic 
C1) Maskable and nonmaskable interrupts 
CO) IEEE 796 compatible bus interface 
CL) Low-power standby mode 


V20 and V30 are registered trademarks of NEC Corporation. 
V40 and V50 are trademarks of NEC Corporation. 
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Ordering Information 


Part Number Max Frequency (MHz) Package 
puPD70208R-8 8 68-pin ceramic PGA 
R-10 — 10 
L-8 8 68-pin PLCC 
L-10 10 
GF-8 8 80-pin plastic QFP 
GF-10 10 
Pin Configurations Era 





68-Pin Ceramic PGA 


Bottom View 


CeO 


See. 
OO 
OO DOG OOOO) 


vPD70208R 
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re 
OO 
OO 
O-O 
OO 
zene 
OO 
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OO 
OO 
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RESOUT 
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Pin Configurations (cont) 


68-Pin Plastic Leaded Chip Carrier (PLCC) 


58 LJ BUSLOCK 
57 J BUFR/W 
56] BUFEN 
55 C) CLKOUT 
51 [High] 

46 [1 TCTL2 

45 1] ToutT2 


43 [7 INTP7 
42 [7 INTP6 
41 CJ INTP5 
40 CI INTP4 
39 1 INTP3 
38 [7 INTP2 
READY [] 67 37 CT INTP1 
RESET (J 68 -] INTAK/TOUT1/SRDY 
uPD70208L ~] DMAAK3/TxD 
DMARQ3/RxD 
DMAAK2 
DMARQ2 
DMAAK1 
DMARQ1 
DMAAKO 
DMARQO 
A1i6/PSo CL) 9 END/TC 
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Pin Configurations (cont) 


80-Pin Plastic QFP 


80 [) A17/PS4 
79 [1] A18/PS2 
78 [1] Ai9/PS3 
77 (1 REFRQ 
76 (J HLDRQ 
75 |) HLDAK 
74 [7] RESOUT 
71 (1 RESET 
70 [J READY 
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DMAAK2 (] 30 


DMARQO (jj 25 
DMAAKO [[] 26 
DMARQ1 [J 27 
DMAAK1 [J 28 
DMARQ2 [J 29 
DMARQ3/RxD [J 31 


DMAAK3/TxD [J 32 
INTAK/TOUT1/SRDY [J 34 
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Pin identification 


Symbol 
A4g-A1g/PS3-PSg 














DMARQ3/RxD 
END/TC 

GND 

High 


INTAK/TOUT1/SRDY 


Function 
Multiplexed address/ processor status outputs 
Address bus outputs 
Multiplexed address/data bus 
Address strobe output 
Bus status outputs 
Data bus transceiver enable output 
Data bus transceiver direction output 
Buslock output 
System clock output 
DMA channel 0 acknowledge output 
DMA channel 1 acknowledge output 
DMA channel 2 acknowledge output 


DMA channel 3 acknowledge output/Serial 
transmit data output 


DMA channel 0 request input 
DMA channel 1 request input 
DMA channel 2 request input 


DMA channel 3 request input/Serial receive 
data input 


End input/Terminal count output 
Ground 


High-level output except during hold 
acknowledge when it is placed in the 
high-impedance state 


Hold acknowledge output 
Hold request input 
Internal connection; leave unconnected 


Interrupt acknowledge output/Timer/counter 1 
output/Serial ready output “ 


Symbol 
INTP1-INTP7 
lORD 
lOWR 
MRD 
MWR 
NC © 
NMI 
POLL 
QS1-QSp 
READY 
REFRQ 
RESET 
RESOUT 
TCLK 
TCTL2 
TOUT2 
Vpp 

Xt, X2 


NEC 


Function 
Interrupt request inputs 
1/0 read strobe output 
1/0 write strobe output 
Memory read strobe output 
Memory write strobe output 
No connection 
Nonmaskable interrupt input 
Pol) input 
CPU queue status outputs 
Ready input 





Refresh request output 

Reset input 

Synchronized reset output 
Timer/counter external clock input 
Timer/counter 2 control input 





Timer /counter 2 output 
+5 V power supply input 





Crystal/external clock inputs 


NEC 


Pin Functions 
Ai9-Ai¢/PS3-PSo [Address/Status Bus] 


These three-state output pins contain the upper 4 bits 
of the 20-bit address during T1 and processor status 
information during the T2, T3, TW, and T4 states of a bus 
cycle. During T1 of amemory read or write cycle, these 
pins contain the upper 4 bits of the 20-bit address. 
These pins are forced low during T1.of an I/O bus 
cycle. 


Processor status is output during T2, T3, TW, and T4 of 
both memory and I/O bus cycles. PS is zero during 
any CPU native mode bus cycle. During any DMA, 
refresh, or 8080 emulation mode bus cycle, PS3 outputs 
a high level. PS» outputs the contents of the interrupt 
enable (IE) flag in the CPU PSW register. PS; and PSo 
indicate the segment register used to form the physical 
address of a CPU bus cycle as follows: 


PS] PS Segment 
0 0 Data segment 1 (DS1) 
0 1 Stack segment (SS) 
1 0 Program segment (PS) 
1 1 Data segment 0 (DSO) 


These pins are in the high-impedance state du ring hold 
acknowledge. 


A15-Ag [Address Bus] 


These three-state pins form the middle byte of the 
active-high address bus. During any CPU, DMA, or 
refresh bus cycle, Ajs5-Ag output the middle 8 bits of the 
20-bit memory or I/O address. The A15-Ag pins enter 
the high-impedance state during hold acknowledge or 
an internal interrupt acknowledge bus cycle. During a 
slave interrupt acknowledge bus cycle, Ajg-Ag contain 
the address of the selected slave interrupt controller. 
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AD7-ADpo [Address/Data Bus] 


These three-state pins form the active-high, time-multi- 
plexed address/data bus. During T1 of a bus cycle, 
AD7-ADg output the lower 8 bits of the 20-bit memory 
or I/O address. During the T2, T3, TW, and T4 states, 
AD7-ADg form the 8-bit bidirectional data bus. 


The AD7-ADg pins enter the high-impedance state 
during hold acknowledge or internal interrupt acknow- 
ledge bus cycles or while RESET is asserted. 





ASTB [Address Strobe] 


This active-high output is used to latch the address 
from the multiplexed address bus inan external address 
latch during T1 of a bus cycle. ASTB is held at a low 
level during hold acknowledge. 


BS2-BSpo [Bus Status] 


Outputs BS»o-BSpg indicate the type of bus cycle being 
performed as follows. BSo-BSg become active during 
the state preceding T1 and return to the passive state 
during the bus state preceding v4. 


BS BS, BSg Bus Cycle 
0 0 0 Interrupt acknowledge 
0 0 1 1/0 read 
0 1 0 1/0 write 
0 1 1 Halt (Note 1) 
1 0 0- Instruction fetch 
1 0 1 Memory read (Note 2) 
1 1 0 Memory write (Note 3) 
1 1 1 Passive state 
Note: 


(1) BS2-BSg in a halt bus cycle returns to the passive state one clock 
earlier than norma! CPU bus cycles. 


(2) Memory read bus cycles include CPU, DMA read, DMA verify, 
and refresh bus cycles. 


(3) Memory write bus cycles include CPU and DMA write bus cycles. 


BSo-BSpg are three-state outputs and are high imped- 
ance during hold acknowledge. _ 
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BUFEN [Buffer Enable] 


BUFEN is an active-low output for enabling an external 
data bus transceiver during a bus cycle. BUFEN is 
asserted during T2 through T3 of a read cycle, T2 
through T3 of aslave interrupt acknowledge cycle, and 
T1 through T4 of a write cycle. BUFEN is not asserted 
when the bus cycle corresponds to an internal pe- 
ripheral, DMA, refresh, or internal interrupt acknow- 
ledge cycle. BUFEN enters the high-impedance state 
during hold acknowledge. 








BUFR/W [Buffer Read/Write] 


BUFR/W is a three-state, active-low output used to 
control the direction of an external data bus trans- 
- ceiver during CPU bus cycles. A high level indicates 
the uPD70208 will perform a write cycle and a low level 
indicates a read cycle. BUFR/W enters the high- 
impedance state during hold acknowledge. 


BUSLOCK 


This active-low output provides a means for the CPU to 
indicate to an external bus arbiter that the bus cycles of 
the next instruction are to be kept contiguous. 
BUSLOCK is asserted for the duration of the instruction 
following the BUSLOCK prefix. BUSLOCK is also 
asserted during interrupt acknowledge cycles and 
enters the high-impedance state during hold acknow- 
ledge. While BUSLOCK is asserted, DMAU, RCU, and 
external bus requests are ignored. 


CLKOUT 


CLKOUT is a buffered clock output used as areference 
for all timing. CLKOUT has a 50-percent duty cycle at 
half the frequency of the input clock source. 


DMAAK0-DMAAK2 [DMA Acknowledge] 


This set of outputs contains the DMA acknowledge 
signals for channels 0-2 from the internal DMA control- 
ler and indicate that the peripheral can perform the 
requested transfer. 


NEC 


DMAAK3/TxD [DMA ee 3]/[Serial 
Transmit Data] 


Two output signals multiplexed on this pin are selected 
by the PF field of the on-chip peripheral connection 
register. 


e DMAAKS is an active-low output and enables an 
external DMA peripheral to perform the requested 
DMA transfer for channel 3. 


e TxD is the serial data output from the serial control 
unit. 


DMARQO-DMARQ2 [DMA Request] 


These synchronized inputs are used by external pe- 
ripherals to request DMA service for channels 0-2 from 
the internal DMA controller. 


DMARQ3/RxD [DMA Request 3]/ (Serial Receive 
Data] 


Two input signals multiplexed on this pin are selected 
by the PF field of the on-chip peripheral connection 
register. 


e DMARQ3is used by.an external peripheral to request 
a DMA transfer cycle for channel 3. 


e RxD is the serial data input to the serial control unit. 


END/TC [End/Terminal Count] 


This active-low bidirectional pin controls the termin- 
ation of a DMA service. Assertion of END by external 
hardware during DMA service causes the service to 
terminate. When a DMA channel reaches its terminal 
count, the DMAU asserts TC, indicating the program- 
med operation has completed. 


END/TC is an open-drain I/O pin, and requires an 
external 2.2-kQ pull-up resistor. 


NEC 


HLDAK [Hold Acknowledge] 


When an external bus requester has become the 
highest priority requester, the internal bus arbiter will 
assert the HLDAK output indicating the address, data, 
and control buses have entered a high-impedance state 
and are available for use by the external bus master. 


Should the internal DMAU or RCU (demand mode) 
request the bus, the bus arbiter will drive HLDAK low. 
When this occurs, the external bus master should 
complete the current bus cycle and negate the HLDRQ 
signal. This allows the bus arbiter to reassign the bus to 
the higher priority requester. 


lf a higher priority internal bus master subsequently 
requests the bus, the high-level width of HLDAK is 
guaranteed to be a minimum of one CLKOUT period. 


HLDRQ [Hold Request] 


This active-high signal is asserted by an external bus 
master requesting to use the local address, data, and 
control buses. The HLDRQ input is used by the internal 
bus arbiter, which gives control of the buses to the 
highest priority bus requester in the following order. 


Bus Master Priority 

RCU Highest (demand mode) 
DMAU e 

HLDRQ e 

CPU e 

RCU Lowest (normal operation) 


INTAK/TOUT1/SRDY [Interrupt Acknowledge]/ 
[Timer 1 Output]/[Serial Ready] 


Three output signals multiplexed on this pin are 
selected by the PF field of the on-chip peripheral 
connection register. 


e INTAK is an interrupt acknowledge signal used to 
cascade external slave 4PD71059 Interrupt Control- 
lers. INTAK is asserted during T2, T3, and TW states 
of an interrupt acknowledge cycle. 





e TOUT‘ is the output of timer/counter 1. 


e SRDY is an active-low output and indicates that the 
serial control unit is ready to receive the next 
character. 
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INTP1-INTP7 [Peripheral Interrupts] 


INTP1-INTP7 accept either rising-edge or high-level 
triggered asynchronous interrupt requests from external 
peripherals. These INTP1-INTP7 inputs are internally 
synchronized and prioritized by the interrupt control 
unit, which requests the CPU to perform an interrupt 
acknowledge bus cycle. External interrupt controllers 
such as the wPD71059 can be cascaded to increase the 
number of vectored interrupts. 


These interrupt inputs cause the CPU to exit both the 
standby and 8080 emulation modes. 


The INTP1-INTP7 inputs contain internal pull-up 
resistors and may be left unconnected. 


IORD [I/O Read] 


This three-state pin outputs an active-low I/O read 
strobe during T2, T3, and TW of an I/O read bus cycle. 
Both CPU I/O read and DMA write bus cycles assert 
IORD. IORD is not asserted when the bus cycle 
corresponds to an internal peripheral or register. It 
enters the high-impedance state during hold acknow- 
ledge. 





IOWR [I/O Write] 


This three-state pin outputs an active-low 1/O write 
strobe during T2, T3, and TW of a CPU I/O write or an 
extended DMA read cycle and during T3 and TW of a 
DMA read bus cycle. IOWR is not asserted when the 
bus cycle corresponds to an internal peripheral or 
register. It enters the high-impedance state during 
hold acknowledge. 
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MRD [Memory Read Strobe] 


This three-state pin outputs an active-low memory 
read strobe during T2, T3, and TW of a memory read 
bus cycle. CPU memory read, DMA read, and refresh 
bus cycles all assert MRD. MRD enters the high- 
impedance state during hold acknowledge. 


MWR [Memory Write Strobe] 


This three-state pin outputs an active-low memory 
write strobe during T2, T3, and TW of a CPU memory 
write or DMA extended write bus cycle and during T3 
and TW of aDMA normal write bus cycle. MWR enters 
the high-impedance state during hold acknowledge. 





NMI [Nonmaskable Interrupt] 


The NMI pin is a rising-edge-triggered interrupt input 
that cannot be masked by software. NMI is sampled by 
CPU logic each clock cycle and when found valid for 
one or more CLKOUT cycles, the NMI interrupt is 
accepted. The CPU will process the NMI interrupt 
immediately after the current instruction finishes 
execution by fetching the segment and offset of the 
NMIhandler from interrupt vector 2. The NMI interrupt 
causes the CPU to exit both the standby and 8080 
emulation modes. The NMI input takes precedence 
over the maskable interrupt inputs. 


POLL [Poll] 

The active-low POLL input is used to synchronize the 
operation of external devices with the CPU. During 
execution of the POLL instruction, the CPU checks the 


POLL input state every five clocks until POLL is once 
again asserted. 








QS;-QSp [Queue Status] 


The QS; and QSp outputs maintain instruction syn- 
chronization between the uPD70208 CPU and external 
devices. These outputs are interpreted as follows. 


QS, QSp Instruction Queue Status 
0 0 No operation 
0 1 First byte of instruction fetched 
1 0 Flush queue contents 
| 1 Subsequent byte of instruction fetched 


Queue Status is valid for one clock cycle after the CPU 
has accessed the instruction queue. 


NEC 


READY [Ready] 


This active-high input synchronizes external memory 
and peripheral devices with the ~PD70208. Slow 
memory and I/O devices can lengthen a bus cycle by 
negating the READY input and forcing the BIU to insert 
TW states. READY must be negated prior to the rising 
edge of CLKOUT during the T2 state or by the last 
internally generated TW state to guarantee recognition. 
When READY is once again asserted and recognized 
by the BIU, the BIU will proceed to the T4 state. 


The READY input operates in parallel with the internal 
uUPD70208 wait control unit and can be used to. insert 
more than three wait states into a bus cycle. 


REFRQ [Refresh Request] 


REFRQ is an active-low output indicating the current 
bus cycle is a memory refresh operation. REFRQ is 
used to disable memory address decode logic and 
refresh dynamic memories. The 9-bit refresh row 
address is placed on Ag-Ao during a refresh bus cycle. 





RESET [Reset] 


RESET is a Schmitt trigger input used to force the 
uUPD70208 to a known state by resetting the CPU and 
on-chip peripherals. RESET must be asserted for a 
minimum of four clocks to guarantee recognition. After 
RESET has been released, the CPU will start program 
execution from address FFFFOH in the native mode. 





RESET will release the CPU from the low-power 
standby mode and force it to the native mode. 


RESOUT [Reset Output] 


This active-high output is available to perform asystem- 
wide reset function. RESET is internally synchronized 
with CLKOUT and output on the RESOUT pin. . 





TCLK | 
TCLK is an external clock source for the timer control 
unit. The three timer/counters can be programmed to 


operate with either the TCLK input or a prescaled 
CLKOUT input. 


TCTL2 


TCTL2 is the control input for timer/counter 2. 


TOUT2 
TOUT2 is the output of timer/counter 2. 


NEC 


X1, X2 [Clock Inputs] 


These pins accept either a parallel resonant, funda- 
mental mode crystal or an external oscillator input with 
a frequency twice the desired operating frequency. 





In the case of an external clock generator, the X2 pin 
can be either left unconnected or be driven by the 
complement of the X1 pin clock source. 


Pin States 


Table 1 lists the output pin states during the Hold, Halt, 
Reset, and DMA Cascade conditions. 
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Table 1. Input/Output Pin States 


Symbol 


Aig-A16/PS3-PSp, 
A45-Ag 


AD7-ADg 
ASTB 


’ BUFEN 


BUFR/W 
BUSLOCK 
BSo-BSg 
CLKOUT 
DMAAKO-DMAAK2 
DMAAK3 
TxD 
END/TC 
HLDAK 
INTAK 
TOUT1 
SRDY 
lORD 
iOWR 
MRD 
MWR 
QS 1-0Sp 
REFRQ 
RESOUT 
TOUT2 


H: high level; L: low level; H/L: high or low level; Hi-Z: high 


impedance. 


Pin Type 
3-state Out 


3-state 1/0 
Out 
3-state Out 
3-state Out 
3-state Out 
3-state Out 
Out 
Out 
Out 


1/0 
Out 
Out 


3-state Out 
3-state Out 
3-state Out 
3-state Out 
Out 
Out 
Out 
Out 


Hold 
Hi-Z 


Hi-Z 
L 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
H/L 
H 
H 
H/L 


H/L 
H/L 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
H/L 
H 
L 
H/L 


Halt 
H/L 


H/L 


H/L 
H/L 


H/L 
H/L 
H/L 


H/L 
H/L 


H/L 
H/L 


Le ee Se es ee Be 


H/L 
L 
H/L 


Reset. Cascade 


H/L 


Hi-Z 
L 
H 

H 

H 

H 


H/L 


pe ae i ne ee oe 


H/L 


DMA 


Hi-Z 


Hi-Z 
L 
Hi-Z 
Hi-Z 
Hi-Z 
H 
H/L 
H/L 
H/L 
H/L 


H/L 
H/L 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
H/L 
H 
L 
H/L 
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Block Diagram 


Wait 
Control 
Interrupt Unit 


ries [WCU] 


[ICU] 


Qsi 
QSo 


Timer/ POLL 


Counter Bus ASTB 
Unit 


Interface 
[TCU] Unit 


{BIU] BUFEN 
BUFR/W 


BUSLOCK 
DMARQO 


DMAAKO Central IORD 
Processing iOWR 
DMARQ1 Unit aA 


MWR 


DMAAKi1 DMA (CPU] 
Control 
DMARQ2 Unit 


DMAAK2 (DMAU] 


READY 


RESET 


DMARQ3 RESOUT 


DMAAK3 
END/TC 


Bus 
ata Arbitration 
Unit 


NMI [BAU] 


x1 Refresh Serial 


Clock 
X2 Control Control 
Generator Unit Unit 


CLKOUT [CG] [RCU] [SCU] 
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NEC 


Absolute Maximum Ratings 


Ta = +25°C 
Power supply voltage, Vpp —0.5 to +7.0 V 
Input voltage, V, —0.5 to Vpp + 0.3 V 


CLK input voltage, Vk 
Output voltage, Vo —0.5 to Vpp + 0.3 V 
Operating temperature, Top —10 to +70°C 
Storage temperature, TsTg 
Comment: Exposure to Absolute Maximum Ratings for extended 
periods may affect device reliability; exceeding the ratings could 


cause permanent damage. The device should be operated within the 


limits specified under DC and AC Characteristics. 


Capacitance 
Ta = +25°C, Vpp =0V 

Limits Test 
Parameter Symbol Min Max Unit Conditions 
Input capacitance C 15 = pF fo =1 MHz; 
Output capacitance Co 15 unmeasured pins 


are returned to 0 V. 


—0.5 to Vpp + 1.0 V 


—65 to +150°C 
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DC Characteristics 


Ta = —10 to +70°C, Vpp = +5 V £10% (8 MHz), 


Vop = 5 V £5% (10 MHz) 


Limits 
Parameter Symbol Min Max 
Input voltage, high = Vy 2.2 Vppt+ 
0.3 
Input voltage, low = =Vi, —0.5 0.8 
X1, X2 input VKH 3.9 Vpp+ 
voltage, high 1.0 
X1, X2 input VKL —05 0.6 
voltage, low 
Output voltage, high Voy 0.7 Vpp 
Output voltage, low Vo. 0.4 
Input leakage ILI 10 
current, high 
Input leakage ILIPL —300 
current, low 
Hit —10 
Output leakage ILoH 10 
current, high 
Output leakage ILO —10 
current, low 
Supply current 
8 MHz Ipp 90 
20 
10 MHz lop 120 
25 


Unit 


V 


<= 


A 
yA 
yA 
yA 


BA 


mA 
mA 


mA 
mA 


Test 
Conditions 


lon = —400 uA 
lol =2.5 mA 
Vi=Vpp 


V, =0V, INTP 
input pins 


V; =0V, other 
input pins 


Vo = Vop 


Vo =0V 


Normal mode 
Standby mode 


Normal mode 
Standby mode 
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AC Characteristics 
Ta = —10 to +70°C; Vpp = 5 V +10% (8 MHZ), Vpp = 5 V + 5% (10 MHz), C, = 100 pF 








8 MHz Limits 10 MHz Limits 

Parameter Symbol Min Max Min Max Unit Test Conditions 
External clock input cycle time teyx 62 250 50 250 ns 
External clock pulse width, high tyxH 20 19 ns VKH =3.0V 
External clock pulse width, low tyx 20 19 ns VL = 15V 
External clock rise time tyr 10 5 ns 1.5— 3.0V 
External clock fall time tyF 10 5 ns 3.0 15V 
CLKOUT cycle time teykK 124 500 100 500 ns 
CLKOUT pulse width, high tkkH  O0.5teyK —7 0.5 teyk — 5 ns VKH = 3.0V 
CLKOUT pulse width, low tKKL 0.5 teyx — 7 0.5 toyx — 5 ns VL =15V 
CLKOUT rise time tkR t 5 ns 15> 3.0V 
CLKOUT fall time tkF 7 5 ns 3.0 —> 1.5V 
CLKOUT delay time from external clock toxk 55 40 ns 
Input rise time (except external clock) tir 20 15 ns 0.8—>22V 
Input fall time (except external clock) tir 12 10 ns 2.2 — 0.8V 
Output rise time (except CLKOUT) tor 20 15 ns 0.8 + 2.2V 
Output fall time (except CLKOUT) tor 12 10 ns 2.2 — 0.8V 
RESET setup time to CLKOUT! tsREsKk 25 20 ns 
RESET hold time after CLKOUT! tHKRES 35 25 ns 
RESOUT delay time from CLKOUTI tDKRES 5 60 5 50 ns 
READY inactive setup time to CLKOUTT tsRYLK 15 15 ns 
READY inactive hold time after CLKOUTT tHKRYL 25 20 ns 
READY active setup time to CLKOUTT tsRYHK 15 15 ns 
READY active hold time after CLKOUTT tHKRYH 25 20 ns 
NMI, POLL setup time to CLKOUTTt tsik 5 15 ns 
Data setup time to CLKOUT! tspk 15 15 ns 
Data hold time after CLKOUTS tukp 10 10 ns 
Address delay time from CLKOUT} tox 10 55 10 50 ns Aig-Ap UBE 
Address hold time after CLKOUT! tHKA 10 10 ns 
1/0 recovery time tal 2tcyx — 50 2tcyx — 40 ns (Note 1) 
PS delay time from CLKOUTS toKP 10 60 10 50 ns 
PS float delay time from CLKOUTT teKe 10 60 10 50 ns 
Address setup time to ASTBI tsast tk — 20 tkkL — 30 ns 
Address float delay time from CLKOUT} tFKA tHKA 60 tHKA 50 ns 
ASTBt delay time from CLKOUTS toKSTH 45 40 ns 
ASTB} delay time from CLKOUTT tDKSTL 50 45 ns 
ASTB pulse width, high tsTst tkx. — 10 tkx. — 10 ns 
Address hold time after ASTB! tusta tx — 20 tkkH — 20 ns 
Control delay time from CLKOUT tpKcT1 10 70 10 60 ns (Note 2) 

toKcT2 10 60 10 55 ns (Note 3) 
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AC Characteristics (cont) 


Parameter. 

RD! delay time from address float 
RD! delay time from CLKOUT} 
RD delay time from CLKOUTS 
REFROt delay from MRDt 
Address delay time from RDf 

RD pulse width, low 

BUFR/W delay from BUFENT 


Data output delay time from CLKOUT 
Data float delay time from CLKOUTS 
WR pulse width, low 

BS4 delay time from CLKOUTT 

BST delay time from CLKOUT! 

HLDRQ setup time to CLKOUTT 
HLDAK delay time from CLKOUTS 
DMAAK! delay.time from CLKOUTT 
DMAAK\ delay time from CLKOUTS 
WR pulse width, low (DMA cycle) 


WR pulse width, low (DMA cycle) 


RDJ, WR! delay from DMAAK! 
DMAAKTt delay from RDT 

RDt delay from WRT 

TC output delay time from CLKOUT? 











TC off delay time from CLKOUTT 
TC pulse width, low 
TC pullup delay time from CLKOUTT 





END setup time to CLKOUTT 

END pulse width, low 

DMARQ setup time to CLKOUTT 

INTPn pulse width, low 

RxD setup time to SCU internal clock 
RxD hold time after SCU internal clock! 
SRDY delay time from CLKOUTI 


Notes: 


(1) This is specified to guarantee a read/write recovery time for I/O 


devices. 





vPD70208 (V40) 


8 MHz Limits 10 MHz Limits 
Symbol Min Max Min Max Unit Test Conditions 
tpaFRL 0 0 ns (Note 4) 
tDKRL 10 75 10 65 ns 
toKRH 10 70 10 60 ns 
toraHRH tkkL — 30 tkkL — 30 ns (Note 5) 
tprHA __tcyx — 40  tovk — 40 ns 
tar 2tcyx — 50 2tcyk — 40. ns 
topect tkx. — 20 tkxL — 20 ns Read cycle 
tpwet — txxt — 20 tkxL — 20 ns Write cycle 
toxp 10 60 10 55 ns 
teKD 10 60 10 55 ns 
tww 2tcyx — 40 2tcyK — 40 ns (Note 4) 
tDKBL 10 60 10 55 ns 
toxBH 10 60 10 55 ns 
tsHak 20 15 ns 
tpKHA 10 70 10 60 ns 
tpKHDA 10 60 10 55 ns 
tpKLDA 10 90 - 10 80 ns Cascade mode 
twwi 2tcyxk — 40 2tcyk — 40 ns DMA extended 
write cycle 
twwe teyk — 40 tcyk — 40 ns DMA normal 
write cycle 
tppanw _tkkH — 30 tkkH — 30 ns 
tpRHDAH — tkkL~ 30 txxL— 30 ns 
'DWHRH 5 5 ns 
toKTCL 60 55 ns 
tDKTCF 60 55 ns 
trctcL = teyk — 15 teyk — 15 ns 
tDKTCH TKKH tKKH ns 
+ tcyx — 10 + toyx — 10 
tsEDK 35 30 ns 
tEDEDL 100 80 ns 
tspak 35 30 ns 
UPIPL 100 80 ns 
tspx 1 0.5 us 
turx 1 0.5 US 
tpKSR 150 100 ns 


(2) Delay from CLKOUT to DMA cycle MWR/IOWR outputs. 


(3) Delay from CLKOUT to BUFR/W, BUFEN, INTAK, REFRQ out- 
puts and CPU cycle MWR/IOWR outputs. 








MRD ft at all times. 


(4) RD represents IORD and MRD. WRrepresents IOWR and MWR. 
(5) This is specified to guarantee that REFRQ f is delayed from 
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AC Characteristics (cont) 


Parameter Symbol - 
TxD delay time from TOUT1! tpTx 
TCTL2 setup time from CLKOUT! tsck 
TCTL2 setup time to TCLKt tsGTk 
TCTL2 hold time after CLKOUT! tHKG 
TCTL2 hold time after TCLKT tHTKG 
TCTL2 pulse width, high tecu 
TCTL2 pulse width, low tect 
TOUT output delay time from CLKOUT! toxTo 
TOUT output delay time from TOUTS toTKTO 
TOUT output delay time from TCTL2} tpeto 
TCLK rise time tTKR 
TCLK fall time tTKF 
TCLK pulse width, high tTKTKH 
TCLK pulse width, low tTKTKL 
TCLK cycle time teyTK 
RESET pulse width low tRESET1 
tRESET2 
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8 MHz Limits 

Min Max 
500 

50 

50 

100 

50 

50 

50 
200 
150 
120 
25 
25 

50 

50 

124 DC 

50 

4 tek 


10 Miz Limits 
Min - Max 
200 
40 
40 
80 
40 
40 
40 
150 
100 
90 
25 
25 
45 
45 
100 DC 
50 
4 tcyK 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


US 


NEC 


Test Conditions 


After power on 
During.operation 


E uPD70208 (V40) 


Clock Input Configurations Timing Measurement Points 





Crystal-Controlled Internal Clock 
Input 2.4V 
{except Clock] 
0.4V 


15 
| 


pF 
| oe | 
15 pF 


External Clock 1 


83-001816A 





Buffers are high-speed 
CMOS inverters. 





83-004019A 


Timing Waveforms 


Clock Timing 


External 
Clock 
[X1] 





CLKOUT 


83-001844B 
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Timing Waveforms (cont) 


Reset and Ready Timing 


Reset Timing 


CLKOUT 


tsRESK 


tokrEs 


RESOUT 


Ready Timing, No Wait States 


CLKOUT 


READY 





Ready Timing, Wait States 


" CLKOUT 
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83-002725B 


NEC vPD70208 (V40) 


Timing Waveforms (cont) 


Poll, NMI, and Buslock Timing 


CLKOUT ‘ 
POLL, NMI Input Timing tsik 
POLL, NMI 


CLKOUT 
BUSLOCK Output Timing toKa 
BUSLOCK 


Read/Write Recovery Time 





83-001831B 


83-004266B 
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Timing Waveforms (cont) 


Read Timing 


CLKOUT 


IPS3- 
Ape f Address x Processor Status 


toKa | +! toxp 
— 


tsast >| teKA tspk <I 


( Address ( Data Input 


toksTH tHko—>| 





























toKSTL =F _, 


{Note 1] 


toKcT2 





tpKcT2 a \— toarAL 








=, 


[Note 1] 














Note: 


[1] Except internal I/O accesses. 
83-001848 B 
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Timing Waveforms (cont) 


Write Timing 


CLKOUT 


Processor Status 


ef ¢— tokp | | <a ¢— trkp 
{Aaaross ne eas 


tHKA 





tsast 


tokcT2 


[Note 1] 





BUFRIW 


one toKcT2 
MWR 
IOWR 


"aust ee ae 


(Note 1] 


BS2-BSo 





i —| tbKBH 


Note: 
[1] Except internal I/O accesses. 
83-001846 B 
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Timing Waveforms (cont) 
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Status Timing 


T4 


CLKOUT 


Ca me) 


— tspk 
tFKa 








MRD, IORD 
MWR, iOWR 





QS1, QSO 
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Timing Waveforms (cont) 


Interrupt Acknowledge Timing 


CLKOUT 


(---3} 


Vector number 
[Note 2} 


[Note 1] 





toKcT2 tpKcT2 


[Note 2] [Note 2] 


BUFRIW 


BUSLOCK 
Note: 


[1] Slave address when the interrupt is from external vPD71059. Undefined when internal ICU 
interrupt. 


[2] Solid line when interrupt from external 4PD71059. Dash line when internal ICU interrupt. 
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Timing Waveforms (cont) 


HLDRQ/HLDAK Timing, Normal Operation 





CLKOUT | 





——_—_ 








jt] toKa 


—_—_———__—_ 
Internal 
1 
{NOTE 1] Internal Bus Master Bus Master 
ny) 


—_——___ 
[NOTE 2] Internal Bus Master Internal Bus Master 
_———— : 








[2] BS2-BSo 
83-001842B 





HLDRQ/HLDAK Timing, Bus Wait 





CLKOUT 


i 


——$ $$$ __$______ 
(NOTE 1} External Bus Master Internal Bus Master 
—————_________ 


NOTE: [1] A1g/PS3-Ayg/PSo, AD7-ADo, Ays-Ag, BUFEN, BUFR/W, MRD, IORD, MWR, IOWR, BS2-BSO 





83-002732B 
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Timing Waveforms (cont) 


Refresh Timing 


CLKOUT 


toxp 


Undefined 


Row Address 


( F Row Address] Address 


tDAFRL 
toKRAL tpRQHRH 








83-002731B 
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Timing Waveforms (cont) 


DMAU, DMA Transfer Timing 


CLKOUT 


Address 


tFKA 


AD7-ADo F Address | 


= von = 
toKRL tpRHDAH 
' tpKRH 
tppaRw—> 
MRD, IORD 


tpKceT1 toxcT1 





twwt <—>| townrn 
tww2 


eet oe \ 
MWR, !IOWR Early write mode 


83-002723B 
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Timing Waveforms (cont) 
DMA Timing 
END/TC Timing 


CLKOUT 


END 





DMA Request Timing 


CLKOUT 


tspak 


DMARQn 
(n=0-3) 


Cascade Mode, Normal Operation 





11 
CLKOUT 
tspak 
DMARQ 
tDKLDA 
OO 
DMAAK 


Cascade Mode, Refresh Cycle Insertion 


cLkouT ie ee 
ln 
DMARQ 
———— 





tOKLDA tDKLDA 





83-001826C 


DR 


uPD70208 (V40) N: E Cc 


Timing Waveforms (cont) 


SCU Timing 


16 or 64 TOUT! pulses 


16 or 64 TOUT pulses 


CLKOUT 


83-001849B 





ICU Timing 


tipipt 


83-004020B 
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Timing Waveforms (cont) 


TCU Timing, Internal Clock Source 


CLKOUT 











tpGto (TouT2) 





83-002722B 





TCU Timing, TCLK Source 


tTKTKH 








83-001823B 
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Functional Description Central Processing Unit 
Refer to the “PD70208 block diagram for an overview The wPD70208 CPU functions similarly to the CPU of 
of the ten major functional blocks listed below. the uwPD70108 CMOS microprocessor. However, be- 


cause the yPD70208 has internal peripheral devices, 


Interrupt control unit (ICU) 
DMA control unit (DMAU) 


Cae erica. (GRY) its bus architecture has been modified to permit 
Bus Aaa unit (BIU) sharing the bus with internal peripherals. The w~PD70208 
e Bus arbitration unit (BAU) CPU is object code compatible with both the uPD70108/ 
¢. Retiseh control unit (RCU) »PD70116 and the yPD8086/uPD8088 microprocessors. 
e Wait control unit (WCU) Figure 1 is the 4PD70208 CPU block diagram. A listing 
e Timer/counter unit (TCU) of the yPD70208 instruction set is in the final sections 
e Serial control unit (SCU) ~~ - of this data sheet. 

e 

e 


Figure 1. uPD70208 CPU Block Diagram 


Internal address/data bus (20) 


To BIU 











T-State 
Control 





Cycle 
Decision 


Interrupt NMI 
Control | INT 
(from ICU) 


Control. (from CG) 


BCU 


EXU 
Effective Address 
Generator 






pAddress ee. ulnstruction 


Ake |29> Micro data bus 


Register 





Queue data 
bus(8) 


psequence 
. Control 


Instruction Decoder 


Subdata bus(16) Main data bus(16) 
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Register Configuration 


Program Counter [PC]. The program counter is a 16- 
bit binary counter that contains the program segment 
offset of the next instruction to be executed. The PC is 
incremented each time the microprogram fetches an 
instruction from the instruction queue. The contents of 
the PC are replaced whenever a branch, call, return, or 
break instruction is executed and during interrupt 
processing. At this time, the contents of the PC are the 
same as the prefetch pointer (PFP). 


Prefetch Pointer [PFP]. The prefetch pointer is a 
16-bit binary counter that contains the program seg- 
ment offset of the next instruction to be fetched for the 
instruction queue. Because instruction queue prefetch 
is independent of instruction execution, the contents 
of the PFP and PC are not always identical. The PFP is 
updated each time the bus interface unit (BIU) fetches 
an instruction for the instruction queue. The contents 
of the PFP are replaced whenever a branch, call, return 
or break instruction is executed and during interrupt 
processing. At this time, the contents of the PFP and 
PC are the same. . 


Segment Registers [PS, SS, DS9, DS]. The wPD70216 
memory address space is divided into 64K-byte logical 
segments. Amemory address is determined by the sum 
of a 20-bit base address (obtained from a segment 
register) and a 16-bit offset known as the effective 
address (EA). I/O address space is not segmented and 
no segment register is used. The four segment registers 
are program segment (PS), stack segment (SS), data 
segment 0 (DS), and data segment 1 (DS;). The 
following table lists their offsets and overrides. 


Default . 
Segment Register Offset Override 
PS PFP register . None 
SS SP register None 
SS Effective address (BP-based) PS, .DSo, DS; 
DS Effective address (non BP-based) — PS, SS, DS; 
DSo IX register (1) PS, SS, DS; 
DS; IY register (2) *~ None 
Note: . 
(1) includes source block transfer, output, BCD string, and bit field 
extraction. 


(2) Includes destination block transfer, input, BCD string, and bit 
' field insertion. 
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General-Purpose Registers. The “.PD70208 CPU con- 
tains four 16-bit, general-purpose registers (AW, BW, 
CW, DW), each of which can be used as a pair of 8-bit 
registers by dividing into upper and lower bytes (AH, 
AL, BH, BL, CH, CL, DH, DL). General-purpose 
registers may also be specified implicitly in an in- 
struction. The implicit assignments are: 


AW Word multiplication/division, word 1/O, 
data conversion 


AL Byte multiplication/division, byte I/O; BCD 
rotation, data conversion, translation 

AH __ Byte multiplication/division 

BW _ Translation 

CW _ Loop control, repeat prefix 

CL Shift/rotate bit counts, BCD operations 


DW Word multiplication/division, indirect 
I/O addressing 


Pointer [SP, BP] and Index Registers [IX, IY]. These 
registers serve as base pointers or index registers 
when accessing memory using one of the base, 
indexed, or base indexed addressing modes. Pointer 
and index registers can also be used as operands for 
word data transfer, arithmetic, and logical instructions. 
These registers are implicitly selected by certain 
instructions as follows. 


SP Stack operations, interrupts 


IX Source block transfer, BCD string ~ 
operations, bit field extraction 


IY Destination block transfer, BCD string 
operations, bit field insertion 
Program Status Word [PSW] 


The program status word consists of six status flags 
and four control flags. 


Status Flags Control Flags 

e V (Overflow) e MD (Mode) 

e S (Sign) e DIR (Direction) 

e Z (Zero) e IE (interrupt Enable) 
e AC (Auxiliary Carry) e BRK (Break) 

e P (Parity) 

e CY (Carry) 
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When pushed onto the stack, the word image of the 
PSW is as follows: 


15 8 
MD 1 1 1 V 


S) Zz 0 AC 0 P 1 CY 


The status flags are set and cleared automatically 
depending upon the result of the previous instruction 
execution. Instructions are provided to set, clear, and 
complement certain status and control flags. Other 
flags can be manipulated by using the POP PSW 
instruction. 


Between execution of the BRKEM and RETEM in- 
structions, the native mode RETI and POP PSW 
instructions can modify the MD bit. Care must be 
exercised by emulation mode programs to prevent 
inadvertent alteration of this bit. 


CPU Architectural Features 


The major architectural features of the v~PD70208 CPU 
are: 


Dual data buses 

Effective address generator 
Loop counter 

PC and PFP 


Dual Data Buses. To increase performance, dual data 
buses (figure 2) have been employed in the CPU to 
fetch operands in parallel and avoid the bottleneck ofa 
single bus. For two-operand instructions and effective 
address calculations, the dual data bus approach is 30 
percent faster than single-bus systems. 


Effective Address Generator. Effective address (EA) 
calculation requires only two clocks regardless of the 
addressing mode complexity due to the hardware 
effective address generator (figure 3). When compared 
with microprogrammed methods, the hardware ap- 
proach saves between 3 and 10 clock cycles during 
effective address calculation. 


Loop Counter and Shifters. A dedicated loop counter is 
used to count the iterations of block transfer and 
multiple shift instructions. This logic offers a significant 
performance advantage over architectures that control 
block transfers and multiple shifts using microprogram- 
ming. Dedicated shift registers also speed up the 
execution of the multiply and divide instructions. 
Compared with microprogrammed methods, multiply 
and divide instructions execute approximately four 
times faster. 
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Figure 2. Dual Data Buses 








Registers 


Temporary 
Registers/Shifters 





Main data bus 
83-003828B 


Sub data bus 


EA Generator 


Effective Address 


_ 83-002737A 





Program Counter and Prefetch Pointer. The functions 
of instruction execution and queue prefetch are de- 
coupled in the uPD70208. By avoiding a single instruc- 
tion pointer and providing separate PC and PFP 
registers, the execution time of control transfers and 
the interrupt response latency can be minimized. 
Several clocks are saved by avoiding the need to 
readjust an instruction pointer to account for prefetch- 
ing before computing the new destination address. 


Enhanced Instruction Set 


In addition to the wPD8086/88 instruction set, the 
uPD70208 has added the following enhanced instruc- 
tions. 


NEC 


Instruction Function 

PUSH imm Push immediate data onto stack 
PUSH R Push all general registers onto stack 
POPR Pop all general registers from stack 
MUL imm Muitiply register/memory by immediate data 
SHL imms Shift/rotate by immediate count 
SHR imm8 

SHRA imm8 

ROL imm8 

ROR imm8’ 

ROLC imm8 

RORC imm8 

CHKIND Check array index 

INM Input multiple 

OUTM Output multiple 

PREPARE Prepare new stack frame 

DISPOSE Dispose current stack frame 


Unique Instruction Set 


In addition to the vPD70208 enhanced instruction set, 
the following unique instructions are supported. 


Instruction Function 

INS Insert bit field 

EXT Extract bit field 

ADD4S . BCD string addition 
SUB4S BCD string subtraction 
CMP4S BCD string comparison 
ROL4 Rotate BCD digit left 
ROR4 Rotate BCD digit right 
TEST1 Test bit 

SET1 Set bit 

CLR1 Clear bit 

NOT1 Complement bit 

REPC Repeat while carry set 
REPNC Repeat while carry cleared 
FPO2 Floating point operation 2 


Bit Fields. Bit fields are data structures that range in 
length from 1 to 16 bits. Two separate operations on bit 
fields, insertion and extraction, with no restrictions on 
the position of the bit field in memory are supported. 
Separate segment, byte offset, and bit offset registers 
are used for bit field insertion and extraction. Because 
of their power and flexibility, these instructions are 
highly effective for graphics, high-level languages, and 
data packing/unpacking applications. 


Insert bit field (INS) copies the bit field of specified 


length (0 = 1 bit, 15 = 16 bits) from the AW register to 
the bit field addressed by DS1:!Y:reg8 (figure 4). The 


bit field length can be located in any byte register or . 


supplied as an immediate value. The value in reg8 is a 
bit field offset. Acontent of 0 selects bit 0 and 15 selects 
bit 15 of the word that.DSO:IX points to. Following 
execution, the lY and bit offset register are updated to 
point to the start of the next bit field. 
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Bit field extraction (EXT) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the bit field 
addressed by DS0:!X:reg8 to the AW register (figure 5). 
If the bit field is less than 16 bits, it is right justified with 
azero fill. The bit field length can be located in any byte 
register or supplied as immediate data. The value in 
reg8 is a bit field offset. A content of 0 selects bit 0 and 
15 selects bit 15 of the word that DSO:IX points to. 
Following execution, the IX and bit offset register are 
updated to point to the start of the next bit field. 


Packed BCD Strings. These instructions are provided 
to efficiently manipulate packed BCD data as strings 
(length from 1 to 254 digits) or as a byte data type witha 
single instruction. 


BCD string arithmetic is supported by the ADD4S, 
SUB4S, and CMP4S instructions. These instructions 
allow the source string (addressed by DSO:!X) and the 
destination string (addressed by DS1:IY) to be manip- 
ulated with a single instruction. When the number of 
BCD digits is even, the Z and CY flags are set according 
to the result of the operation. If the number of digits is 
odd, the Z flag will not be correctly set unless the upper 
4 bits of the result are zero. The CY flag will not be 
correctly set unless there is a carry out of the upper 4 
bits of the result. 


The two BCD rotate instructions (ROR4, ROL4) perform 
rotation of asingle BCD digit in the lower half of the AL 
register through the register or memory operand. 


Bit Manipulation. Four bit manipulation instructions 
have been added to the yPD70208 instruction set. The 
ability to test, set, clear, or complementa single bitina 
register or memory operand increases code readability 
as well as performance over the logical operations 
traditionally used to manipulate bit data. 


Repeat Prefixes. Two repeat prefixes (REPC, REPNC) 
allow conditional block transfer instructions to use the 
state of the CY flag as a terminating condition. The use 
of these prefixes allows inequalities to be used when 
working on ordered data, increasing the performance 
of searching and sorting algorithms. 


Floating Point Operation Instructions. Two floating 
point operation (FPO) instruction types are recognized 
by the uPD70208 CPU. These instructions are detected 
by the CPU, which performs any auxiliary processing 
such as effective address calculation and the initial bus 
cycle if specified by the instruction. It is the responsi- 
bility of the external coprocessor to latch the address 
information and data (if a read cycle) from the bus and 
complete the execution of the instruction. 
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Figure 4. Bit Field Insertion 


Bit length 





Figure 5. Bit Field Extraction 


Bit length 


ee ERASE 7 7. ee? 
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8080 Emulation Mode. The uPD70208 CPU can operate 
in either of two modes; see figure 6. Native mode allows 
the execution of the vPD8086/88, enhanced and unique 
instructions. The other operating mode is.8080 emu- 
lation mode, which allows the entire wPD8080AF 
instruction set to be executed. A mode (MD) flag is 
provided to distinguish between the two operating 
modes. Native mode is active when MD is 1 and 8080 
emulation mode is active when MD is 0. 


Two instructions are provided to switch from native to 
8080 emulation mode and return back. Break for 
emulation (BRKEM) operates similarly to a BRK 
instruction, except that after the PSW has been pushed 
on the native mode stack, the MD flag becomes 
write-enabled and is cleared. ; 


During 8080 emulation mode, the registers and flags of 
the 8080 are mapped onto the native mode registers 
and flags as shown below. Note that PS, SS, DSo, DS;, 
IX, lY, AH, and the upper half of the PSW registers are 
inaccessible to 8080 programs. 
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Byte offset (IY) 


Byte boundary Segment base (DS1) 


83-0001068 


Bit offset 





Byte offset (IX) 


Byte boundary Segment base (DSO) 
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vePDBO80AF 
A/PSW 


pPD70208 
AL/PSW (iower) 


CH 
CL 


DH 
DL 


BH 
BL 


BP 
PC 
CY 
Z 

S 

- =P. 
AC 


Registers 


Flags 


> oe) 
OVONO!SBGlrcrms|ow 


During 8080 emulation mode, the BP register functions 
as the 8080 stack pointer. The use of separate stack 


pointers prevents inadvertent damage to the native — 


mode stack pointer by emulation mode programs. 
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The 8080 emulation mode PC is combined with the PS 
register to form the 20-bit physical address. All emu- 
lation mode data references use DSO as the segment 
register. For compatibility with older 8080 software 
these registers must be equal. By using different 
segment register contents, separate 64K-byte code 
and data spaces are possible. 


Either an NMI or maskable interrupt will cause the 8080 
emulation mode to be suspended. The CPU pushes the 
PS, PC, and PSW registers on the native mode stack, 
sets the MD bit (indicating native mode), and enters the 
specified interrupt handler. When the return from 
interrupt (RETI) instruction is executed, the PS, PC, 
and PSW (containing MD=0) are popped from the 
native stack and execution in 8080 emulation mode 
continues. Reset will also force a return to native mode. 


The 8080 emulation mode programs also have the 
capability to invoke native mode interrupt handlers by 
means of the call native (CALLN) instruction. This 
instruction operates like the BRK instruction except 
that the saved PSW indicates 8080 emulation mode. 


Figure 6. 1PD70208 Modes 


Bus Hold 


Native Mode 
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To exit 8080 emulation mode, the return from emulation 
(RETEM) instruction pops the PS, PC, and PSW from 
the native mode stack, disables modification of the MD 
bit, and execution continues with the instruction follow- 
ing the BRKEM instruction. Nesting of 8080 emulation 
modes is prohibited. 


Interrupt Operation 


The ywPD70208 supports a number of external interrupts 
and software exceptions. External interrupts are events 
asynchronous to program execution. On the other 
hand, exceptions always occur as a result of program 
execution. 


The two types of external interrupts are: Eta 


e Nonmaskable interrupt (NMI) 
e Maskable interrupt (INT) 








Bus Hold 


Standby Mode 










RESET, 
NMI, INT. 









INT [D1] 










Emulation Mode 


Bus Hold 
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The six software exceptions are: 


Divide error (DIV, DIVU instructions) 

Array bound error (CHKIND instruction) 
Break on overflow (BRKV instruction) 
Break (BRK, BRK instructions) 

Single step (BRK bit in PSW set) 
Mode switch (BRKEM, CALLN instructions) 


Interrupt vectors are determined automatically for 
exceptions and the NMI interrupt or supplied’ by 
hardware for maskable interrupts. The 256 interrupt 
vectors are stored in a table (figure 7) located at 
address 00OOO0H. Vectors 0 to 5 are predetermined and 
vectors 6 to 31 are reserved. Interrupt vectors 32 to 255 
are available for use by application software. 


Each vector is made up of two words. The word located 
at the lower address contains the new PC for the 
interrupt handler. The word at the next-higher address 
is the new PS value for the interrupt handler. These 
must be initialized by software at the start of a program. 


Nonmaskable interrupts and maskable interrupts (when 
enabled) are normally serviced following the execution 
of the current instruction. However, the following 
cases are exceptions to this rule and the occurrence of 
the interrupt will be delayed until after the execution of 
‘the next instruction. 


Moves to/from segment registers 

POLL instruction 

Instruction prefixes 

EI instruction (maskable interrupts only) 


Another special case is the block transfer instructions. 
These instructions are interruptable and resumable, 
‘but because of the asynchronous operation of the BIU, 
the actual occurrence of the interrupt may be delayed 

up to three bus cycles. 


Standby Mode 


The wPD70208 CPU has a low-power standby mode, 
which can dramatically reduce power consumption 
during idle periods. Standby mode is entered by simply 
executing a native or 8080 emulation HALT instruction; 
no external hardware is required. All other peripherals 
such as the timer/counter unit, refresh control unit, 
and DMA control unit continue to operate as pro- 
grammed. 
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During standby mode, the clock is distributed only to 
the circuits required to release the standby mode. 
When-a RESET, NMI, or INT event is detected, the 
standby mode is released. Both NMI and unmaskable 
interrupts are processed before control returns to the 
instruction following the HALT. In the case of the INT 
input being masked, execution will begin with the 
instruction immediately following the HALT instruction 
without an intervening interrupt acknowledge bus 
cycle. When maskable interrupts are again enabled, the 
interrupt will be serviced. . 


Output signal states in the standby « mode are listed 
below. 








Output Signal Status in Standby Mode 

INTAK, BUFEN, High level 

MRD, MWR, IOWR, 

1ORD 

BSo-BSp (Note 2) High level 

QS 1-0Sp, ASTB Low level 

BUSLOCK High level (low level if the 
HALT instruction follows the 
BUSLOCK prefix) 

BUFR/W, High or low level 

A4g-A4g/PS3-PSo, 


A45-Ag, AD7-ADg 


Note: 


(1) Output pin states during refresh and DMA bus cycles will be as 
defined for those operations. 


(2) Halt status is presented prior to entering the passive state. 


Figure 7. 


interrupt Vector Table 


Divide Error 
Break Flag 
NMI Input 
i Dedicated 


BRK 3 Instruction 


BRKV Instruction 





CHKIND Merce | 


Reserved 


General Use 


© BRK immé8 Instruction 
e BRKEM Instruction 
@ INT Input [External] 
@ CALLN Instruction 


83-000111A 





NEC 


Clock Generator 


The clock generator (CG) generates a clock signal half 
the frequency of a parallel-resonant, fundamental 
mode crystal connected to pins X1 and X2. Figure 8 
shows the recommended circuit configuration. Capac- 
itors C1 and C2, required for frequency stability, are 
selected to match the crystal load capacitance. 


External clock sources are also accommodated as 
shown in figure 9. The CG distributes the clock to the 
CLKOUT pin and to each functional block of the 
uPD70208. The generated clock signal has a 50- 
percent duty cycle. 


Bus Interface Unit 


The bus interface unit (BIU) controls the external 
address, data, and control buses for the three internal 
bus masters: CPU, DMA control unit (DMAU), and 
refresh control unit (RCU). The BIU is also responsible 
for synchronization of the RESET and READY inputs 
with the clock. The synchronized reset signal is used 
internally by the 4.PD70208 and provided externally at 
the RESOUT pin as a system-wide reset. The synch- 
ronized READY signal is combined with the output of 
the wait control unit (WCU) and is distributed internally 
to the CPU, DMAU, and RCU. Figure 10 shows the 
synchronization of RESET and READY. 


The BIU also has the capability of overlapping the 
execution of the next instruction with memory write 
bus cycles. There is no overlap of instruction execution 
with read or I/O write bus cycles. 





Figure 8. Crystal Configuration 
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uPD70208 (V40) 


Figure 9. External Oscillator Contiguration 
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Figure 10. RESET/READY Synchronization 
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Bus Arbitration Unit. 


The bus arbitration unit (BAU) arbitrates the external 
address, data and control buses between the internal 
CPU, DMAU, and RCU bus requesters and an external 
bus master. The BAU bus priorities from the highest 
priority requester to the lowest are: 


RCU (Demand mode) 
DMAU 

HLDRQ 

CPU 

RCU (Normal mode) 


Note that RCU requests the bus at either the highest or 
‘ lowest priority depending on the status of the refresh 
_ request queue. Bus masters other than the CPU are 
prohibited from using the bus when the CPU is 
executing an instruction containing a BUSLOCK prefix. 
Therefore, caution should be exercised when using the 
BUSLOCK prefix with instructions having a long 
execution time. 


If a bus master with higher priority than the current bus 
master requests the bus, the BAU inactivates the 
current bus master’s acknowledge signal. When the 
BAU sees the bus request from the current master go 
inactive, the BAU gives control of the bus to the higher 
priority bus master. Whenever possible, the BAU per- 
forms bus switching between internal bus masters 
without the introduction of idle bus cycles, enhancing 
system throughput. 


System I/O Area 


The I/O address space from addresses FFOOH to 
FFFFH is reserved for use as the system I/O area. 
Located in this area are the 12 uPD70208 registers that 


Figure 11. OPCN Register Format 
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determine the I/O addressing, enable/disable periph- 
erals, and control pin multiplexing. Byte !/O instruct- 
ions must be used to access the system I/O area. 


1/0 Address 








Register Operation 
FFFFH - - Reserved - ethics, ¢ “eae 
FFFEH OPCN Read/Write 
FFFDH OPSEL Read/Write 
FFFCH OPHA "Read/Write 
FFFBH - DULA © Read/Write 
FFFAH IULA Read/Write 
FFFSH’ TULA Read/Write 
FFF8H SULA Read/Write 
FFF7H Reserved = 
FFF6H wcy2 Read/Write 
FFF5H | wcy1 Read/Write 
FFFAH WMB Read/Write 
FFF3H Reserved ms 
FFF2H RFC Read/Write 
FFFIH . Reserved 2 
FFFOH TCKS . Read/Write 


On-Chip Peripheral Connection Register | 


The on-chip peripheral connection (OPCN) register 
controls multiplexing of the wPD70208 multiplexed 
pins. Figure 11 shows the format of the OPCN register. 
The interrupt request switch (IRSW) field controls 
multiplexing of !CU interrupt inputs INT4. and INT2. 
The output of an internal peripheral or an external 
interrupt source can.be selected as the INT1 and INT2 
inputs to the ICU. 


The pin function (PF) field in the OPCN selects one of 
four possible states for the DMARQ3/RxD, DMAAK3/ 
TxD, and INTAK/TOUT1/SRDY pins. Bit 0 of the 





| Pin Function | DMARQ3/RxD | DMAAK3/TxD | INTAK/SRDY/TOUT! 
| oo | pmaARG3 | DMAAKS | _INTAK 
|} ot | DMARG3 | SMAAK | Tours 


fiterrunt Request Switch INT1 INT2 
: INTP1 Pin] INTP2 Pin 
| _Scu__| INTP2 Pin 


Seen ema 
at ie 

ee CE 
a so rour 





36 


wee — SRY 


83-001827B 


NEC 


OPCN controls the function of the INTAK/TOUT1/ 
SRDY pin. If cleared, INTAK will appear on this 
output pin. If bit 0 is set, either TOUT1 or SRDY will 
appear at the output depending on the state of bit 1. If 
bit 1 is cleared, DMA channel 3 I/O signals will appear 
on the DMARQ3/RxD and DMAAK3/TXxD pins. if the 
SCU is to be used, bit 1 of the PF field must be set. 





On-Chip Peripheral Selection Register 


The on-chip peripheral selection (OPSEL) register is 
used to enable or disable the «PD70208 internal periph- 
erals. Figure 12 shows the format of the OPSEL 
register. Any of the four (DMAU, TCU, ICU, SCU) 
peripherals can be independently enabled or disabled 
by setting or clearing the appropriate OPSEL bit. 


Figure 12. OPSEL Register Format 





0 = Disabled 
1 = Enabled 
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Figure 13. uPD70208 Peripheral Relocation 
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Internal Peripheral Relocation Registers 


The five internal peripheral relocation registers (figure 
13) are used to fix the I/O addresses of the DMAU, ICU, 
TCU, and SCU. The on-chip peripheral high-address. 
OPHA) register is common to all four internal periph- 
erals and fixes the high-order byte of the 16-bit !/O 
address. The individual DMAU low-address (DULA) 
register, ICU low-address (IULA) register, TCU low- 
address (TULA) register, and the SCU low-address 
(SULA) register select the low-order byte of the I/O 
addresses for the DMAU, ICU, TCU, and SCU periph- 
erals. 


=~ 


The contents of the OPHA register are: 
7 OPHA 


Ais Aig Aig) At2 Att Ato Ag Ag 


The formats for the individual internal peripheral re- 
gisters appear below. Since address checking is not 


performed, do not overlap two peripheral I/O address 
spaces. 


7 ~  DULA 0 
A7Z Ag As Ag — — — — 
7 IULA 0 
A7 Ag As Aq Ag Ao — _— 
7 TULA 0 
Ay Ag Ags Ag Ag Ao —_ _— 
7 SULA 0 
Az Ag As Ag A3 Ao _ _ 


Fe eee el 
V/LLLL SCULL///) 
are 


Nee 
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Timer Clock Selection Register 


The timer clock selection (TCKS) register selects the 
clock source for each of the timer/counters as well as 
the divisor for the internal clock prescaler. Figure 14 
shows the format of the TCKS register. The clock 
source for each timer/counter is independently select- 
ed from either the prescaled internal CPU clock or from 
an external clock source (TCLK). The internal clock is 
derived from the CLKOUT signal and can be divided by 
2, 4, 8, or 16 before being presented to the clock select 
logic. 


Refresh Control Unit 


The refresh control unit (RCU) refreshes external 
dynamic RAM devices by outputting a 9-bit row address 
on address lines Ag-Ag and performing a memory read 
bus cycle. External logic can distinguish a refresh bus 
cycle by monitoring the refresh request (REFRQ) pin. 
Following each refresh bus cycle, the refresh row 
counter is incremented. 


The refresh control (RFC) register in the system 1!/O 
area contains two fields. The refresh enable field 
enables or disables the refreshing function. The refresh 
timer (RTM) field selects a refresh interval to match the 
dynamic memory refresh requirements. Figure 15 
shows the format for the RFC register. 


To minimize the impact of refresh on the system bus 
bandwidth, the wPD70208 utilizes a refresh request 
queue to store refresh requests and perform refresh 
bus cycles in otherwise idle bus cycles. 


The RCU normally requests the bus as the lowest- 
priority bus requester (normal mode). However, if 
seven refresh requests are allowed to accumulate in 
the RCU refresh request queue, the RCU will change to 
the highest-priority bus requester (demand mode). 


Figure 14. Timer Clock Selection Register 
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The RCU will then perform back-to-back refresh cycles 
until three requests remain in the queue. This guar- 
antees the integrity of the DRAM system while maximiz- 
ing. performance. 


The refresh count interval can be calculated as follows: 
Refresh interval = 8 x N x tcyx 


where N is the timer factor selected by the RTM 
field. a 


When the uPD70208 is reset, the RE field in the RFC 
register is unaffected and the RTM field is set to 01000 
(N = 9). No refresh bus cycles occur while RESET is 
asserted. 


Figure 15. Refresh Control Register 


Refresh Enable | Function —_| 
ro Disables Refresh 
= hag Enables Refresh 
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Wait Control Unit 


The wait control unit (WCU) inserts from zero to three 
wait states into a bus cycle in order to compensate for 
the varying access times of memory and I/O devices. 
The number of wait states for CPU, DMAU, and RCU 
bus cycles is separately programmable. In addition, 
the memory address space is divided into three in- 
dependent partitions to accommodate a wide range of 
system designs. RESET initializes the WCU to insert 
three wait states in all bus cycles. This allows operation 
with slow memory and peripheral devices before the 
initialization of the WCU registers. 





The three system |/O area registers that control the 
WCU are wait cycle 1 (WCY1), wait cycle 2 (WCY2), 
and wait state memory boundary (WMB). The WCU 
always inserts wait states corresponding to the wait 
count programmed in WCY1 or WCY2 registers into a 
bus cycle, regardless of the state of the external 
READY input. After the programmed number of wait 
states occurs, the WCU will insert Tw states as long as 


Figure 16. Wait State Memory Boundary Register 





uUPD70208 (V40) 


the READY pin remains inactive. When READY is again 
asserted, the bus cycle continues with T4 as the next 
cycle. The yPD70208 internal peripherals never require 
wait states; four clock cycles will terminate an internal 
peripheral bus cycle. 


CPU Wait States 


The WMB register divides the 1M-byte memory address 
space into three independent partitions: lower, middle, 
and upper. Figure 16 shows the WMB register format. 


Initialization software can then set the number of wait 
states for each memory partition and the I/O partition 
via the WCY1 register (figure 17). 


DMA and Refresh Wait States 


The WCY2 register (figure 18) specifies the number of 
wait states to be automatically inserted in DMA and 
refresh bus cycles. DMA wait states must be set to the 
maximum of the DMA memory and !/O partitions. 
Refresh wait states should be set tothe maximum value 
of all DRAM memory partitions. 





Lower Memory Block Size [1] . 
Upper Memory Block Size Memory Block Size (KB) 


Upper Memory Block Specified by the UMB Field 


Middle Memory Block 





Specified by the LMB Field 
00000H 


Note: 


[1] By default, the address space remaining between the UBM and LBM is the 


middle memory biock. 
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Figure 17. Wait Cycle 1 Register 
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_ Timer/Counter Unit 


The timer/counter unit (TCU) provides a set of three 
independent 16-bit timer/counters. The output signal 
of timer/counter 0 is hardwired internally as an interrupt 
source. The output of timer/counter 1 is available 
internally as an interrupt source, used as a baud rate 
generator, or used as an external output. The timer/ 
counter 2 output is available as an external output. Due 
to mode restrictions, the TCU is a subset of the 


Figure 19. TCU Block Diagram 
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Figure 18. Wait Cycle 2 Register 
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uPD71054 Programmable Timer/Counter. Figure 19 
shows the internal block diagram of the TCU. 


The TCU has the following features: 


Three 16-bit timer/counters 

Six programmable count modes 
Binary/BCD counting 

Multiple latch command 

Choice of two clock sources 


TCTLO=High 
TOUTO (to ICU) 


TCTL1=High 
TOUT1 (EXT) 


TCTL2 (EXT) 
| touT2 (EXT) 


To ICU/SCU 


(16) 


He) | Le) 
Count 





Internal Data Bus 
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Because RESET leaves the TCU in an uninitialized 
state, each timer/counter must be initialized by 
specifying an operating mode and a count. Once 
programmed, a timer/counter will continue to operate 
in that mode until another mode is selected. When the 
count has been written to the counter and transferred 
to the down counter, a new count operation starts. 
Both the current count and the counter status can be 
read while count operations are in progress. 


TCU Commands 


The TCU is programmed by issuing I/O instructions to 
the I/O port addresses programmed in the OPHA and 
TULA registers. The individual TCU registers are 
selected by address bits A; and Ag as follows. 





Ay Ay Register Operation 

0 0 TCTO Read/Write 
TSTO Read 

0 1 TCcT1 Read/Write 
; TST1° Read 

~ 0 TCT2 Read/Write 
~~ TST2 Read 
1 1 TMD Write 


The timer mode (TMD) register selects the operating 
mode for each timer/counter and issues the latch 
command for one or more timer/counters. Figure 20 
shows the format for the TMD register. 


Writes to the timer/counter 2-0 (TCT2-TCTO) registers 
stores the new count in the appropriate timer/counter. 
The count latch command is used before reading 
count data in order to latch the current count and 
prevent inaccuracies. 


The timer status 2-0 (TST2-TSTO) registers contain 
status information for the specified counter (figure 21). 
The latch command is used to latch the appropriate 
counter status before reading status information. If 
both status and counter data are latched for a counter, 
the first read operation returns the status data and 
subsequent read operations obtain the count data. 


Count Modes 


There are six programmable timer/counter modes. The 
timing waveforms for these modes are in figure 22. 


Mode 0 [Interrupt on End of Count]. In this mode, 
TOUT .changes from the low to high level when the 
specified count is reached. This mode is available on 
all timer/counters. 
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Mode 1 [Retriggerable One-Shot]. In mode 1, a low- 
level one-shot pulse, triggered by TCTL2 is output 
from the TOUT2 pin. This mode is available ony on 
timer/counter 2. 


Mode 2 [Rate Generator]. In mode 2, TOUT cyclically 
goes low for one clock period when the counter 
reaches the 0001H count. A counter in this mode 
operates as a frequency divider. All timer/counters can 
operate using mode 2. 


Mode 3 [Square-Wave Generator]. Mode 3 is a frequency 
divider similar to mode 2, but the output has a sym- 
metrical duty cycle. This mode i is available on all three 
timer/counters. 


Mode 4 [Software-Triggered Strobe]. In mode 4, when 
the specified count is reached, TOUT goes low for the 
duration of one clock pulse. Mode 4 is available on all 
timer/counters. 


Mode 5 [Hardware-Triggered Strobe]. Mode 5 is similar 
to mode 4 except that operation is triggered by the 
TCTL2 input and can be retriggered. This mode is 
available only on. timer/counter 2. 


Serial Control Unit 


The serial control unit (SCU) is a single asynchronous 
serial channel that performs serial communication 
between the wPD70208 and an external serial device. 
The SCU is similar to the wPD71051 Serial Control Unit 
except for the lack of synchronous communication 
protocols. Figure 23 is the block diagram of the 
SCU. 


The SCU has the following features. 


Full-duplex asynchronous serial controller 

Clock rate divisor (x16, x64) 

Baud rates to 250 kb/s supported 

7-, 8-bit character lengths 

1-, 2-bit stop bit lengths 

Break transmission and detection 

Full-duplex, double-buffered transmitter/receiver 
Even, odd, or no parity 

Parity, overrun, and framing error detection 
Receiver-full/transmitter-empty interrupt 


The SCU contains four separately addressable registers 
for reading/writing data, reading status, and control- 
ling operation of the SCU. The serial receive buffer 
(SRB) and the serial transmit buffer (STB) store the 
incoming and outgoing character data. The serial 
status (SST) register allows software to determine the 
current state of both the transmitter and receiver. The 
serial command (SCM) and serial mode (SMD) registers 
determine the operating mode of the SCU while the 
serial interrupt mask (SIMK) register allows software 
control of the SCU receive and transmit interrupts. 
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Figure 20. Timer Mode Register 
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Figure 21. TCU Status Register 





Indicates the current mode setting. 
The meaning of each field is the same 
as that of the TMD register. 


| Null Count | Count Data_| 
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Figure 22. TCU Waveforms (Sheet 1 of 3) 
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Figure 22. TCU Waveforms (Sheet 2 of 3) 
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Figure 22. TCU Waveforms (Sheet 3 of 3) 
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Figure 23. SCU Block Diagram 
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Receiver Operation 


While the RxD pin is high, the receiver is in an idle state. 
A transition on RxD from high to low indicates the start 
of new serial data. When a complete character has 
been received, it is transferred to the SRB; the receive 
buffer ready (RBRDY) bit in the SST register is set and 
(if unmasked) an interrupt is generated. The SST also 
latches any parity, overrun, or framing errors at this 
time. 


The receiver detects a break condition when a null 
character with zero parity is received. The BRK bit is 
set for as long as the subsequent receive data is low 
and resets when RxD returns to a high level. The MRDY 
bit (SCM) and RBRDY (SST) are gated to form the 
output SRDY. SRDY prevents overruns from occurring 
when the program is unable to process the input data. 
Software can control MRDY to prevent data from being 
sent from the remote transmitter while RBRDY can 
prevent the immediate overrun of a received character. 


Transmitter Operation 


TxD is kept high while the STB register is empty. When 
the transmitter is enabled and a character is written to 
the STB register, the data is converted to serial format 
and output on the TxD pin. The start bit indicates the 
start of the transmission and is followed by the character 
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stream (LSB to MSB) and an optional parity bit. One or 
two stop bits are then appended, depending on the 
programmed mode. When the character has been 
transferred from the STB, the TRBDY bit in the SST is 
set and if unmasked, a transmit buffer empty interrupt 
is generated. 


Serial data can be transmitted and received by polling 
the SST register and checking the TBRDY or RBRDY 
flags. Data can also be transmitted and received by 
SCU-generated interrupts to the interrupt control unit. 
The SCU generates an interrupt in either of these 
conditions: 


(1) The receiver is enabled, the SRB is full, and receive 
interrupts are unmasked. 


(2) The transmitter is enabled, the STB is empty, and 
transmit interrupts are unmasked. 


NEC 


SCU Registers and Commands 


I/O instructions to the I/O addresses selected by the 
OPHA and SULA registers are used to read/write the 
SCU registers. Address bits Ay and Ag and the read/ 
write lines select one of the six internal registers as 
follows: 





Ay Ag Register Operation 
0 0 SRB Read 
STB Write 
0 1 SST Read 
SCM Write 
1 0 SMD. - Write 
1 1 SIMK Read/Write 


The SRB and STB are 8-bit registers. When the 
character length is 7 bits, the lower 7 bits of the SRB 
register are valid and bit 7 is cleared to 0. If programmed 
for 7-bit characters, bit 7 of the STB is ignored. 


The SST register (figure 24) contains the status of the 
transmit and receive data buffers and the error flags. 
Error flags are persistent. Once an error flag is set, it 
remains set until a clear error flags command is issued. 


Figure 24. SST Register 
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Figure 25 shows the SCM and SMD registers. The SCM 
register stores the command word that controls 
transmission, reception, error flag reset, break trans- 
mission, and the state of the SRDY pin. The SMD 
register stores the mode word that determines serial 
characteristics such as baud rate divisor, parity, char- 
acter length, and stop bit length. 


Initialization software should first program the SMD 
register followed by the SCM register. Unlike the 
uPD71051, the SMD register can be modified at any 
time without resetting the SCU. 


The SIMK register (figure 26) controls the occurrence 
of RBRDY and TBRDY interrupts. When an interrupt is 
masked, it is prevented from propagating to the inter- 
rupt control unit. 


Baud Rate Generator 


Timer/counter 1 is used as the baud rate generator 
when the SCU is enabled. The input baud rate clock is 
scaled by 16 or 64, as selected in the SMD register, to 
determine the receive/transmit data clock. There are 
no restrictions on the SCU input baud rate clock other 
than operating the TCU in mode 3 with a square-wave 
output. 


a ee 0 
sst |_1_|Bko| Fe [ove] Pe | 1 [pBRDY| TBRDY| 
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Figure 25. SCM and SMD Registers 
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Figure 26. SIMK Register 
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Interrupt Control Unit 


The interrupt control unit (ICU) is a programmable 
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The ICU has the following features. 


e Eight interrupt request inputs 

e Cascadable with uPD71059 Interrupt Controllers | 

e Programmable edge- or level-triggered interrupts 
(TCU, edge-triggered interrupts only) 

e Individually maskable interrupt requests 

e Programmable interrupt request priority 

e Polling mode 


ICU Registers 


Use I/O instructions to the |/O addresses selected by 
the OPHA and IULA registers to read from and write to 
the ICU registers. Address bit Ag and the command 
word selects an ICU internal register. 





interrupt controller equivalent to the uPD71059. The Ag Other Condition Operation 
ICU arbitrates up to eight interrupt inputs, generates a Read 0 IMD selects IRQ CPU <— IRQ data 
CPU interrupt request, and outputs the interrupt vector 0 IMD selects IIS CPU <— IIS data 
number on the internal data bus during an interrupt 0 Polling phase CPU <~ Polling data 
acknowledge cycle. Cascading up to seven external 1 — CPU <— IMKW 
slave uPD71059s permits the 4.PD70208 to support up Write 0 D4=1 CPU — IIW1 
to 56 interrupt sources. Figure 27 is the block diagram 0 D4=OandD3=0 CPU — IPFW 
for the ICU. 0 D4=0and D3=1 CPU — IMDW 

1 During initialization CPU — IlW2 

1 CPU — IIW3 

1 CPU — IIW4 

1 After initialization CPU — IMKW 

Note: 


(1) In polling phase, polling data has priority over the contents of 
the IRQ or IIS register when read. 
Command Word 


SAo ——ro Ag 
[>| __ Slave Control SA1 } To BIU>; ——eoAg 
Register Group “SA2 ——ro Aig 


Control Logic 
. Priority 
[> Determi 


Figure 27. ICU Block Diagram 


Initialize and 


Read/Write 
Control INTAK (from CPU) 
INT (to CPU) 
TOUTO (from TCU) 
SINT (from SCU) 


TOUTI (from TCU) 


oINTPY 
oINTPs 


jetermination K __| 
Logic 
Interrupt 
Request 


Register 
(IRQ) 


External Pins 


Interrupt 
Mask 
Register 
(IMK) 


Internal Data Bus 





83-001837B 


49 


uPD70208 (V40) 


Initializing the ICU 


The ICU is always used to service maskable interrupts 
in a pPD70208 system. Prior to accepting maskable 
interrupts, the ICU must first be initialized (figure 28). 
Following initialization, command words from the CPU 
can change the interrupt request priorities, mask/un- 
mask interrupt requests, and select the polling mode. 
Figures 29 and 30 list the ICU initialization and com- 
mand words. 


Interrupt initialization words 1-4 (IIW1-IIW4) initialize 
the ICU, indicate whether external uPD71059s are 
connected as slaves, select the base interrupt vector, 
and select edge- or level-triggered inputs for INT1- 
INT7. Interrupt sources from the TCU are fixed as 
edge-triggering. INTO is internally connected to 
TOUTO, and INT2 may be connected to TOUT1 by the 
IRSW field in the OPCN. 


The interrupt mask word (IMKW) contains program- 
mable mask bits for each of the eight interrupt inputs. 
The interrupt priority and finish word (IPFW) is used by 
the interrupt handler to terminate processing of an 
interrupt or change interrupt priorities. The interrupt 
mode word (IMDW) selects the polling register, inter- 
rupt request (IRQ) or interrupt in service (IIS) register, 
and the nesting mode. 


The initialization words are written in consecutive 
order starting with IIW1. IIW2 sets the interrupt vector. 
IIW3 specifies which interrupts are connected to slaves. 
IIW3 is only required in extended systems. The ICU will 
only expect to receive IIW3 if SNGL =0 (bit D, of I1W1). 
IIW4 is only written if 114 = 1 (bit Do of 11W1). 


uPD71059 Cascade Connection 


To increase the number of maskable interrupts, up to - 


seven slave wPD71059 Interrupt Controllers can be 
cascaded. During cascade operation (figure 31), each 


Figure 28. Initialization Sequence 


Bits SNGL and 114 are set. 
The default initialization 
is performed. 


SNGL=0, li4=1 SNGL=0, Il4=0 SNGL=1, Il4=1 SNGL=1, tl4=0 


Initialization 
Completed 
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slave uPD71059 INT output is routed to one of the 
uPD70208 INTP inputs. During the second interrupt 
acknowledge bus cycle, the ICU places the slave 
address on address lines Ajo-Ag. Each. slave com- 
pares this address with the slave address programmed 
using interrupt initialization word 3 (IIW3). If the same, 
the slave will place the interrupt vector on pins AD7- 
ADpy during the second interrupt acknowledge bus 
cycle. 


Interrupt Initialization Words 1-4 


Figure 29. 






D7 D6 D5 D4 D3 D2 D1 pO 
wi C=T-T-T + [ev] — Jonata] 















1W4 Not Required 
llW4 Required 


SingieMode] ‘Mode —S—s 
re ae Extended Mode (Slave Controllers) 
| 1~_[ Single Mode (No Slave Controllers) 


Level-Triggered 
ode 


M 
| 0 ~_| Edge Trigger (Rising Edge) 
Pe At Level Trigger (Active High) 





















Slave Connection 
Status 
INTn is not a slave 
input 


INTn is a slave input 










Self Finish ; 
po dL FiCommand Mode 
Self Finish Mode 


Normal Nesting 


Extended Nesting 
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Figure 30. Command Words 


D7 De Ds Dg D3 Deo Dy 


[Mz | Mg | Ms | Ma | Ms | Mo] Ms | Mo | 


Interrupt Request Mask 
8 | Wh net Masta 
[it Wastes 


D7 De Ds Dag Dg Do Dy 


ew | RP |sij Fi] o | o [w2] i {no| 
ME BE 





ER REEB i . 
Normal Fl Command 
No Level - 


Specification | Rotation Normal Rotation 
Fi Command 
No Rotation] Fl Command 
Command feeeage| for Specification 
Rotate Priority Level Specified Bit 
Specify Interrupt Level, Specification Rotation Fl Command 
ee No Rotation 
eeaanae [No Rotation] No Op 
Rotation Specified Bit 
: Rotation Command 
No Rotation| Self Fl Mode 
No Level Rotation Reset 
Specification 
Rotation Self Fl Mode 
Rotation Set 


Select Register | In-Service/Request Register | Read Register Selection 
to Read Select 


a A 0 
[0 Fra Setection 
Pt Tis Setection 


Polling Mode 
Po | __No Operation 
cca Polling Command 


Set Nesting Exceptional Nesting Mode 2 
Mode _j Nesting Mode 


Be aes ee Exceptional Nesting Mode Release 
ptt Exceptional Nesting Mode Set 
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Figure 31. ~uPD71059 Cascade Connection 


LA - Latched Address 
BA - Buffered Address 


DMA Control Unit 


The DMA Control Unit (DMAU) is a high-speed DMA 
controller compatible with the 4PD71071 DMA Con- 
troller. The DMAU has four independent DMA channels 
and performs high-speed data transfers between 
memory and external peripheral devices at speeds as 
high as 2 megabytes/second in an 8-MHz system. 
Figure 32 is the block diagram for the DMAU. 


The DMAU has the following features. 
Four. independent DMA channels 


20-bit address registers 

16-bit transfer count registers 

Single, demand, and block transfer modes 
Bus release and bus hold modes 
Autoinitialization 

Address increment/decrement 
Fixed/rotating channel priorities 

TC output at transfer end a 
Forced termination of service by END input 


DMAU Basic Operation 


The DMAU operates in either a slave or master mode. 
In the slave mode, the DMAU samples the four DMARQ 
input pins every clock. If one or more inputs are active, 
the corresponding DMA request bits are set and the 
DMAU sends a bus request to the BAU while continuing 
to sample the DMA request inputs. After the BAU 


returns the DMA bus acknowledge signal, the DMAU . 


stops DMA request sampling, selects the DMA channel 
with the highest priority, and enters the bus master 
mode to perform the DMA transfer. While in the bus 
master mode, the DMAU controls the external bus and 
performs DMA transfers based on the preprogrammed 
channel information. 
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Cascade mode for slave 4PD71071 DMA controllers 
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-Do INTPo 
INTP, 
INTP2 
INTP3 
INTP, 
INTPs 
INTPs 
INTP7 


Terminal Count 


The DMAU ends DMA service when the terminal count 
condition is generated or when the END input is 
asserted. A terminal count (TC) is produced when the 
contents of the current count register becomes zero. If 
autoinitialization is not enabled when DMA service 
terminates, the mask bit of the channel is set and the 
DMARQ input of that channel is masked. Otherwise, 
the current count and address registers are reloaded 
from the base registers and new DMA transfers are 
again enabled. 


DMA Transfer Type 


The type: of transfer the DMAU performs depends on 
the following conditions. 


e Direction of the transfer (each channel) 
e Transfer mode (each channel) 
e -Bus mode 


Transfer Direction 


All DMA transfers use memory as a reference point. 
Therefore, a DMA read operation transfers data from 
memory to an !/O port. A DMA write operation reads an 
I/O port and writes the data into memory. During 
memory-to-I/O transfer, the DMA mode (DMD) register 
is used to select the transfer directions for each 
channel and activate the appropriate control signals. 


Operation Transfer Direction Activated Signals 

DMA read Memory — 1/0 iOWR, MRD 

DMA write 1/0 — Memory lORD, MWR 

DMA verify Addresses only; no transfer 
performed 
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Figure 32. DMAU Block Diagram 
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Device Control (10) 


Status (8) 


- Mode Control (7x4) 





Internal Control! Bus 
















BUSRQ 
BUSAK 






BAU 






Base Count (16x4) 
Current Count (16x4) 






DMARQ3-0 















Count ;: 
Decrementé?*(1 6) 


Priority Control 






DMAAK3-0 







Terminal Count 





ENDITC 


83-001830B 


Bus Mode Figure 33. Bus Modes 





The DMA device controi.(DDC) register selects oper- 


; 3 Bus Release Mode 
ation in either the bus release or bus hold mode. The 


selected bus mode determines the DMAU conditions tee WY Se 
for return of the bus to the BAU. Figure 33 shows that in Cane suas | | | | f] | 
bus release mode, only a single channel is serviced Channel _ CHO CH1 CH2 CH3 
after the DMAU obtains the bus. When DMA service ~ . 

ends (termination conditions depend on the transfer Bus Hold Mode 

mode), the DMAU returns the bus to the BAU regardless Right to Use 

of the state of other DMA requests, and the DMAU Bus CPU aa Geren (oa 
reenters the slave mode. When the DMAU regains use Service DMAU ————— 

of the bus, anew DMA operation can begin. eis i ably ed ak 


83-001864A 
In bus hold mode, several channels can receive con- 
tiguous service without releasing the bus. If there is 
another valid DMA request when a channel’s DMA Gay oe 
service is finished, the new DMA service can begin The DMD register also selects either single, demand, 
immediately after the previous service without return- or block transfer mode for each channel. The conditions 
ing the bus to the BAU. for the termination of each transfer characterize each 
transfer mode. The following table shows the various 
transfer modes and termination conditions. 


Transfer Modes 


Transfer Mode Termination Conditions 
Single ; After each byte/word transfer 
Demand END input 

Terminal count 

Inactive DMARQ 


DMAR®Q of a higher priority channel 
becomes active (bus hold mode) 


Block END input 
Terminal count 
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The operation of single, demand, and block mode 
transfers depends on whether the DMAU is in bus 
release or bus hold mode. Figure 34 shows the oper- 
ation flow for the six possible transfer and bus mode 
operations in DMA transfer. 


Single-Mode Transfer. In bus release mode, when a 
channel completes transfer of a single byte, the DMAU 
enters the slave mode regardless of the state of DMA 
request inputs. In this manner, other lower-priority bus 
masters will be able to access the bus. 


In bus hold mode, when a channel completes transfer 
of a single byte, the DMAU terminates the channel's 
service even if the DMARQ request signal is asserted. 
The DMAU will then service any other requesting 
channel. !f there are no requests from any other DMA 
channels, the DMAU releases the bus and enters the 
slave state. 


Demand-Mode Transfer. In bus release mode, the 
currently active channel continues to transfer data as 
long as the DMA request of that channel is active, even 
though other DMA channels are issuing higher-priority 
requests. When the DMA request of the serviced 
channel becomes inactive, the DMAU releases the bus 
and enters the slave state. 


In bus hold mode, when the active channel completes a 
single transfer, the DMAU checks the other DMA 
request lines without ending the current service. If 
there is a higher-priority DMA request, the DMAU 
stops the service of the current channel and starts 
servicing the highest-priority channel requesting serv- 
ice. If there is no higher request than the current one, 
the DMAU continues to service the currently active 
channel. Lower-priority DMA requests are honored 
without releasing the bus after the current channel 
service is complete. 


Block-Mode Transfer. In bus release mode, the current 
channel continues DMA transfers until a terminal 
count or the external END input becomes active. 
During this time, the DMAU ignores all other DMA 
requests. After completion of the block transfer, the 
DMAU releases the bus and enters the slave state, even 
if DMA requests from other channels are active. 


In bus hold mode, the current channel transfers data 
until an internal or external END signal becomes 
active. When the service is complete, the DMAU 
checks all DMA requests without releasing the bus. If 
there is an active request, the DMAU immediately 
begins servicing the request. The DMAU releases the 
bus after it honors all DMA requests or a higher-priority 
bus master requests the bus. 
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Byte Transfer 


The DMD register can specify only byte DMA transfers 
for each channel. Depending on the mode selected, the 
address register can either increment or decrement, 
whereas the count register is always decremented. 


Autoinitialize 


When the DMD register selects autoinitialize for a 
channel, the DMAU automatically reinitializes the ad- 
dress and count registers when END is asserted or the 
terminal.count condition is reached. The contents of 
the base address and base count registers are transfer- 
red to the current address and current count registers, 
and the applicable bit of the mask register remains 
cleared. — 


Channel Priority 


Each of the four DMAU channels is assigned a priority. 
When multiple DMA requests from several channels 
occur simultaneously, the channel with the highest 
priority will be serviced first. The DDC register selects 
one of two priority schemes: fixed or rotating (figure 
35). In fixed priority, channel 0 is assigned the highest 
priority and channel 3, the lowest. In rotating priority, 
priority order is rotated after each service so that the 
channel last serviced receives the lowest priority. This 
method prevents the exclusive servicing of higher- 
priority channels and the lockout of lower-priority 
DMA channels. 
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Figure 34. Transfer Modes 
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Cascade Connection 


Slave uPD71071 DMA Controllers can be cascaded to 
easily expand the system DMA channel capacity to 16 
DMA channels. Figure 36 shows an example of cascade 
connection. During cascade operation, the DMAU acts 
as a mediator between the BAU and the slave 
uPD71071s. During DMA cascade mode operation, it 
is the responsibility of external logic to isolate the 
cascade bus master from the wPD70208 contro! 
outputs. These outputs are listed in a table at the front 
of this data sheet. 


Figure 35. Priority Order 


Fixed Priority 


Highest 


Lowest 


Lowest 


DMAAK 
Cascade 


Channel 
DMARQ 


DMAU 
(Master) 
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The DMAU always operates in the bus hold mode while 
a cascade channel is in service, even when the bus 
release mode is programmed. Other DMA requests are 
held pending while a slave wPD71071 channel is in 
service. When the cascaded wPD71071 ends service 
and moves into the slave state, the DMAU also moves 
to the slave state and releases the bus. At this time, all 
bits of the DMAU request register are cleared. The 
DMAU continues to operate normally with the other 
noncascaded channels. 


Rotating Priority Highest 


Lowest 


CH1 Servic: 
——_—_____—_—_—_ 
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Bus Waiting Operation 


The DMAU will automatically perform a bus waiting 
operation (figure 37) whenever the RCU refresh request 
queue fills. When the DMA bus acknowledge goes 
inactive, the DMAU enters the bus waiting mode and 
inactivates the DMA bus request signal. Control of the 
bus is then transferred to the higher-priority RCU by 
the BAU. 


Two clocks later, the DMAU reasserts its internal DMA 
bus request. The bus waiting mode is continued until 
the DMA bus acknowledge signal again becomes 
active and the interrupted DMA service is immediately 
restarted. 


Programming the DMAU 


To prepare a channel for DMA transfer, the following 
characteristics must be programmed. 


Starting address for the transfer 
Transfer count 

DMA operating mode 

Transfer size (byte/word) 


The contents of the OPHA and DULA registers deter- 
mine the base I/O port address of the DMAU. Addresses 
A3-Apg are used to select a particular register as follow: 








Ag Ao Ay Ap Register Operation 
C0 0 ~ 38 DICM Write 

0 0 0 1 DCH Read/Write 
0 0 1 0 DBC/DCC (low) Read/Write 
0 0 1 1 DBC/DCC (high) Read/Write 
0 1 0 0 DBA/DCA (low) Read/Write 
0 1 0 1 DBA/DCA (high) Read/Write 
0 1 1 0 DBA/DCA (upper) Read/Write 
0 1 1 1 Reserved — 

1 0 0 0 DDC (low) Read/Write 
1 0 0 1 DDC (high) Read/Write 
1 0 1 0 DMD Read/Write 
1 0 1 1 DST Read 

1 1 0 0 Reserved — 

1 1 0 1 Reserved _ 

1 1 1 0 Reserved _ 

1 1 1 1 DMK Read/Write 


Word I/O instructions can be used to read/write the 
register pairs listed below. All other registers are 
accessed via byte I/O instructions. 


DBC/DCC 
DBA/DCA (higher/lower only) 
DDC 
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DMAU Registers 


Initialize. The DMA initialize command (DICM) register 
(figure 38) is used to perform a software reset of the 
DMAU. The DICM is accessed using the byte OUT 
instruction. 


Channel Register. Writes to the DMA channel (DCH) 
register (figure 39) select one of the four DMA 
channels for programming and also the base/current 
registers. Reads of the DCH register return the cur- 
rently-selected channel and the register access mode. 


Count Registers. When bit 2 of the DCH register is 
cleared, a write to the DMA count register updates both 
the DMA base count (DBC) and the DMA current count 
(DCC) registers with a new count. If bit 2 of the DCH 
register is set, a write to the DMA count register affects 
only the DBC register. The DBC register holds the 
initial count value until a new count is specified. If 
autoinitialization is enabled, this value is transferred to 
the DCC register when a terminal count or END 
condition occurs. For each DMA transfer, the current 
count register is decremented by one. The format of 
the DMA count register is shown below. The count 
value loaded into the DBC/DCC registers is one less 
than the desired transfer count. 


. 2H, IN/OUT 0 
C7 Cg Cy Cy Cy Co Cy Co 
: 3H, IN/OUT 0 
Cis Cra Cig Cr2 Cii Cio Cg Cg 


Address Register. Use either byte or word I/O in- 
structions with the lower two bytes (4H and 5H) of the 
DMA address register. However, byte I/O instructions 
must be used to access the high-order byte (6H) of this 
register. When bit 2 of the channel register is cleared, a 
write to the DMA address register updates both the 
DMA base address (DBA) andthe DMA current address 
(DCA) registers with the new address. If bit 2 of the 
DCH register is set, a write to the DMA address register 
affects only the DBA register. 


7 4H, IN/OUT 0 
Az Ag As Ag A3 Ao Ay Ao 
: 5H, IN/OUT 0 
Ais Ara Aig Aig Art Ato Ag Ag 
7 6H, IN/OUT (Byte only) 0 


Aig Aig Ariz At6 


R7 
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The DBA register holds the starting address value until 
a new address is specified. This value is transferred to 
the DCA register automatically if autoinitialization is 
selected. For each DMA transfer, the current address 
register is incremented/decremented by one. 


Device Control Register. The DMA device control 
(DDC) register (figure 40) is used to to program the 
DMA transfer characteristics common to all DMA 
channels. It controls the bus mode, write timing, 
priority logic, and enable/disable of the DMAU. 


Figure 37. Bus Waiting Operation 





DMAU 


Other 
Bus Master 
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Status Register. The DMA status (DST) register (figure: 
41) contains information about the current state of 
each DMA channel. Software can determine if atermin- 
ation condition has been reached (TC3-TCo) or if a 
DMA service request is present (RQ3-RQg). The byte 
IN instruction must be used to read this register. . 





Other 
Bus Master 


DMA BUSAK yf \ / \ 


Approx 2 Clocks 


h—-— + 


DMA BUSRQ 


Bus Waiting State 


Figure 38. DMA Initialize Command Register 
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Initialize 


iv 6 5 4 3 2 1 0 
of [—T—-T—T— 1 T= Lo Tres] 007 yte ont 


Note: 


[1] The DMAU initializes as follows: 
Register 


Initialize 
Address 

Count 
Channel 

Mode Control 
Device Control 
Status 


Clears ali bits 

_ Nochange 
No change 
Selects channel 0 
Clears all bits 
Clears all bits 
Clears all bits 


initialization Operation 


a 
Pap reset 


Mask Sets all bits [masks all channels] 


RQ 
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Figure 39. DMA Channel Register 





Channel Register Read 
6 


Channel [0700] Channel 2 | 
[000] Channer 3 


Current (read), Base 
Base Only and Current (write) 
Base (read/write) 


Channel! Register Write 
1 0 


7 6 5 4 3 
HEL-— |] —-|[| -—{_— | — [Base] seich | our (Byte only) 
| 00 | Channel 0 
Select |_01_| Channel 1 
Channel [10 | channel2_____| 
Pat [channel 3 
Select Current (read), 
select both Base and 
Base Only Current (write) 
| 1 | Select Base (read/write) 


7 6 5 4 3 2 1 0 
Disable DMA | 0 | 
Operation(1) 1 | 
0 
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Figure 40. DMA Device Control Register 
















|Enable 
Priority = 

| 1 | Rotational | 
Extended | O| Normal | 
Writing?) | 1 | Extended 






0 







7 6 5 4 3 2 1 


IN/OUT 








Bus Release 


| 0 | 

[1 | BusHold | 
Wait Enable | 0 | Disable 

1 | 


During Verve + | Enable | 


Bus Mode 


Note: 


[1] Disables BUSRQ to the BAU to prevent incorrect DMA 
operation while the DMAU registers are being initialized 

or modified. 

[2] When EXW is 0, the write signal becomes active [normal 
write] during T3 and TW [see timing waveforms]. When 1, 
the write signal becomes active during T2, T3, and TW [like 
the read signal]. 


[3] Wait states are generated by the READY signal during a 


verify transfer. 
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Mode Control Register. The DMA mode (DMD) register 
(figure 42) selects the operating mode for each DMA 
channel. The DCH register selects which DMD register 
will be accessed. A byte IN/OUT instruction must be 
used to access this register. 


Figure 41. DMA Status Register 
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Mask Register Read/Write. The DMA mask (DMK) 
register (figure 43) allows software to individually 
enable and disable DMA channels. The DMK register 
can only be accessed via byte I/O instructions. 


OBH | RQ3 | RQ2 | RQi | RQo | TCs {| TC2 | TC | TCo | IN (Byte only) 

[ea a fo 
Terminat [2] Not ended (or each read) 
Count 





Figure 42. DMA Mode Register 
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END or terminal 
count 


| 0 | No DMA request active 
DMA DMA request active 
Request 
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Figure 43. DMA Mask Register 





[00 [verify 
Transfer 1/0-to-memory 
Direction * Memory-to-I/O 


| 11 | Notallowed | 
nao 9 [Disable 
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Fo | Demane | 
Transfer | 01 [Single | 
Mode {| 10|Block | 
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DMARQ —|_0 | Not masked | 
Lif Masked | 
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The falling edge of the RESET signal resets the 
uPD70208. The signal must be heid low for at least four 
clock cycles to be recognized as valid. 


CPU Reset State 
Register 


PFP 
PC 
PS 


SS 
DSO 
DS1 


PSW 
AW, BW, CW, DW, 
IX, IY, BP, SP 


Instruction queue 


Reset Value 


0000H 
0000H 
FFFFH 


O000H 
0000H 
0000H 


F002H 
Undefined 


Cleared 


When RESET returns to the high level, the CPU will 
start fetching instructions from physical address 


FFFFOH. 


Internal Peripheral Registers 


Internal peripheral devices initialized on reset are 
listed in the following table. I/O devices not listed are 
not initialized on reset and must be initialized by 


software. 


System 
1/0 area 


SCU 


DMAU 


Register 


OPCN 
OPSEL 
wcy1 


wcy2 
WMB 

TCKS 

RFC 


SMD 
SCM 
SIMK 


SST 
DCH 
DMD 


DDC (iow) 
DDC (high) 
DST 


DMK ~ 


Reset Value 


----0000 
----0000 
14400941 


see tied 
hee 
-- -00000 
x--01000 


01001011 
--0000-0 


10000100 
---00001 
000000-0 


xxxx0000 
----1111 


Symbols: x = unaffected; 0 = cleared; 1 = set; (-) = unused. 


Output Pin Status 
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The following table lists output pin status during reset. 


Signal 
INTAK, BUFEN, BUFR/W, 


MRD, MWR, END/TC, IOWR, (ORD, 


REFRQ, BSp-BSp, BUSLOCK, 
RESOUT, DM -DMAAKO 


QS1-QS9, ASTB, HLDAK 
Ay9-A1g/PS3-PS9, TOUT2 
Ai5-Ag 

AD7-ADg 

CLKOUT 


Status 
High level 


Low level . 

High or low level 
High or low level 
High impedance — 


Continues to supply clock Era 


A1 
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Instruction Set 
Symbols 


Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 


Clocks 


Inthe Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. - 


Clock timings assume the instruction has been pre- 
fetched and is present in the four-byte instruction 
- queue. Otherwise, add four clocks for each byte not 
present. 


For instructions that reference memory operands, the 
number on the left side of the slash (/) is for byte 
operands and the number on the right side is for word 
operands. 


For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 


If a range of numbers is given, the execution time 
depends on the operands involved. 


Symbols 

Symbol Meaning 

acc Accumulator (AW or AL) 

disp Displacement (8 or 16 bits) 

dmem Direct memory address 

dst Destination operand or address 

ext-disp8 16-bit displacement (sign-extension byte 
+ 8-bit displacement) 

far_label Label within a different program 
segment 

far_proc Procedure within a different program 
segment 

fp_op Floating point instruction operation 

imm 8- or 16-bit immediate operand 

imm3/4 3- or 4-bit immediate bit offset 

immés 8-bit immediate operand 

imm16 16-bit immediate operand 

mem Memory field (000 to 111); 


8- or 16-bit memory location 
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Symbols 
Symbol 
mems 
mem16 
mem32 
memptr16 


memptr32 


mod 
near_label 
near_proc 
offset 
pop_value 
reg 


reg8 
regi6 
regptr 


regptr16 


seg 
short_label 


st 
src 
temp 
AC 
AH 
AL 
AW 
BH © 
BL 
BP 
BRK 
BW 
CH 
CL 
CW 
CY 
DH 
DIR 
DL 
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Meaning 

8-bit memory location 
16-bit memory location 
32-bit memory location 


Word containing the destination address 
within the current segment _ 


Double word containing a destination 
address in another segment 


Mode field (00 to 10) 

Label within the current segment 
Procedure within the current segment 
Immediate offset data (16 bits) 

Number of bytes to discard from the stack 


Register field (000 to 111); 
8- or 16-bit general-purpose register 


8-bit general-purpose register 
16-bit general-purpose register 


16-bit register containing a destination 
address within the current segment 


Register containing a destination address 
within the current segment 


Immediate segment data (16 bits) 


Label between —128 and +127 bytes from 
the end of the current instruction 


Segment register 

Source operand or address 
Temporary register (8/16/32 bits) 
Auxiliary carry flag 
Accumulator (high byte) 
Accumulator (low byte) 
Accumulator (16 bits) 

BW register (high byte) 
BW register (low byte) 

BP register 

Break flag 

BW register (16 bits) 

high byte) 
CW register (low byte) 

CW register (16 bits) 

Carry flag 

DW register (high byte) 
Direction flag 


( 
CW register ( 
( 
( 


DW register (low byte) 


NEC 














Symbols (cont) 
Symbol Meaning 
DSO Data segment 0 register (16 bits) 
DS1 Data segment 1 register (16 bits) 
DW DW register (16 bits) 
IE Interrupt enable flag 
IX Index register (source) (16 bits) 
lY Index register (destination) (16 bits) 
MD Mode flag 
P Parity flag 
PC Program counter (16 bits) 
PS Program segment register (16 bits) 
PSW Program status word (16 bits) 
R Register set 
S Sign extend operand field 

S=0 No sign extension 

S$=1 Sign extend immediate byte 

operand 

S Sign flag 
SP Stack pointer (16 bits) 
SS Stack segment register (16 bits) 
V Overflow flag 
W Word/byte field (0 to 1) 


X, XXX, YYY, 22Z 


XOR 
XXH 
XXXXH_ 
Z 


Data to identify the instruction code of the 
external floating point arithmetic chip 


Exclusive logical sum 
Two-digit hexadecimal vaiue 
Four-digit hexadecimal vaiue 
Zero flag 


Flag Operations 


uPD70208 (V40) 

















Symbol Meaning 

(blank) No change 

0 Cleared to 0 

1 Set to 1 

x Set or cleared according to result 
u Undefined 

R Restored to previous state 


Memory Addressing Modes 












































mem mod = 00 mod = 01 mod = 10 

000 BW + IX BW + IX + disp8 BW + IX + disp16 
001 BW +lY BW + IY + disp8 BW + lY + disp16 
010 BP + IX BP + IX + disp8 BP + IX + disp16 
011 BP + IY BP + lY + disp8 BP +1Y + disp16 
100 IX IX + disp8 IX + disp16 

101 lY lY + disp8 IY + disp16 

110 Direct BP + disp8 BP + disp16 

111 BW BW + disp8 BW + disp16 
Register Selection (mod = 11) 

reg w=0 W=1 
000 AL AW 

001 CL CW 

010 DL DW 

011 BL BW 

100 AH SP 

101 CH BP 

110 DH IX 

111 BH lY 


Segment Register Selection 


sr 


Segment Register 











00 DS1 
01 PS 
10 SS 
11 DSO 


63 


uUPD70208 (V40) NEC 


Instruction Set 





Opcode Flags 

Mnemonic Operand 76543210 765 4.3 2 1 0 Clocks Bytes AC CYV PS Z 
Data Transfer Instructions 
MOV reg, reg 1000310%1W 141 reg reg 2 2 

mem, reg. 1000%100W mod reg mem 7/11 2-4 

reg, mem 100010 1W-— mod reg mem 10/14 2-4 

mem, imm 1100014 1 W-— mod reg mem 9/13 3-6 

reg, imm 101 1 W = reg 4 2-3 

acc, dmem 101000 0W 10/143 

dmem, acc 101000%1W 9/13 3 

sr, regi6 1000%1%11 0 110 Sr reg 2 2 

sr, mem16 10001110 mod 0 sr mem 14 2-4 

reg 16, sr 1000110 0 110 Sr reg 2 2 

mem16, sr 1000110 0 mod 0 sr mem 12 2-4 

DSO, regi6, mem32 11000101 mod reg mem 25 2-4 

DS1, regi6, mem32 11000310 0 mod reg mem 2 =A 

AH, PSW 100714141 2 1 

PSW, AH 10011110 3 1 xX X xX X X 
LDEA regi6, mem16 10001101 mod reg mem 4  (O-4 
TRANS src_table 1401.0 7 04 9 1 
XCH reg, reg 10000171W 11 Teg reg 3 42 
: mem, reg 10000 %1%1W- mod . reg mem — 13/21 24 

AW, regi6 10010 reg g- <4 
Repeat Prefixes 
REPC 0110010 1 
REPNC 0110010 0 2 1 
REP 14a O50 4 2 1 | 
REPE 
REPZ 
REPNE 111310010 2 1 
REPNZ 
Block Transfer Instructions 
MOVBK dst, src 10100%10W 1 


9 (9) + 8n (W = 0) 
9 (17) + 16n (W = 1) 


CMPBK dst, src 10%100%1%1W 1 xXx X X X X X 
7 (13) + 14n (W = 0) 
7 (21) + 22n (W = 1) 


CMPM dst 1010%14%1%14W 1 xXx X X X X X 
7 (7) + 10n (W = 0) 
7 (11) + 14n (W = 1) 

LDM src 10310311 0W 1 
7 (7) + 9n (W = 0) 
7 (11) + 18n (W = 1) 

STM dst 1010%310d1W 1 
5 (5) + 4n (W = 0) 
5 (9) + 8n (W = 1) 

= number of transfers 
String instruction execution clocks for a single instruction execution are in parentheses. 


BA 


NEC uPD70208 (V40) 


Instruction Set (cont) 





Opcode Flags 
Mnemonic Operand 76543210 765 43 2 1 0 Clocks Bytes ACCYV P § Z 


I/O Instructions 


IN acc, imm8 11100%10W 9/13 2 
acc, DW 1110311 0W 8/12 1 
OUT immé, acc 11100%1%1W 8/12 2 
DW, acc 111011 91W 8/12 1 
INM dst, DW 013%104141410W 1 
9 (10) + 8n (W = 0) 
9 (18) + 16n (W = 1) 
QUTM DW, src 01103134 14W 1 


9 (10) + 8n (W = 0) 
9 (18) + 16n (W =1) Era 
n = number of transfers 


String instruction execution clocks for a single instruction execution are in parentheses. 
BCD Instructions 








ADJBA 00311031141 7 1 x°xX uu U U 
ADJ4A 00100111 3 1 xX X UX X X 
ADJBS A ies Mee (A ie fl 7 1 xk au ou 
ADJ4S 0010311141 3 1 xX X UX X X 
ADD4S dst, src 0000117111 00100000 74+19n 2 u xX u UU X 
SUB4S dst, src 0000117111 0010001 0 7+19n 2 Te ee ee 
CMP4S dst, src 000011141 0031004 10 %(:7?+19n 2 u X UU U X 
ROL4 reg8 0000717111 0010100 0: 13 3 
1100 0 =~ reg 
memé - 0000117111 00101000 2 3-5 
mod 0 0 0 mem 
ROR4 reg8 00007117111 0010101 0 «17 3 
1100 0 reg 
memés 0000171141114 #O017101010 2 3-5 
mod 0 0 0 mem 
n = number of BCD digits divided by 2 
Data Type Conversion Instructions 
CVTBD 110710100 00001010 46 2 uuu xX X Xx 
CVTDB 1101710101 00001010 7 2 uuuxX X Xx 
CVTBW 10011000 2 1 
CVTWL 10011001 4/5 1 
Arithmetic Instructions 
ADD reg, reg 0000001W 11 reg reg 2 2 X XX X X X 
mem, reg 0000000W mod reg mem 13/21 2-4 X X X X X X 
reg, mem 000000 °1W~ mod reg mem 10/14 = 2-4 X X X X XX. 
reg, imm 100000SW 14100 0 reg 4 3-4 X X X X X X 
mem, imm 100000S W- mod 0 0 0. mem 15/23 3-6 X X X X X X 
acc, imm 00000%10W 4 2-3 xX X X X X X 
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Instruction Set (cont) 


Mnemonic 


ADDC 


SUB 


SUBC 


INC 


DEC 


MULU 


MUL 


DIVU 


DIV 


Opcode 
Operand 76543210 7 6 
Arithmetic Instructions (cont) 

reg, reg 0001001W 1 = 1 
mem, reg 0003100 0W = mod 
reg, mem 000100 %1W~ mod 
reg, imm 100000SW 1 1 
mem, imm 100000 S W~ mod 
acc, imm 00010%10W 

reg, reg 001010i1i1W 1 1 
mem, reg 0010310 0W_= mod 
reg, mem 0041010 %1W-= mod 
reg, imm 100000SW 1 1 
mem, imm 1000008 W~ mod 
acc, imm 0010%1%310W 

reg, reg 0001101W 14 
mem, reg 0001140 0W-— mod 
reg, mem 000110 %1W =~ mod 
reg, imm 100000SW 11 
mem, imm 100000 S W~ mod 
acc, imm 000%1%1%10W 

reg8 1117414141110 #4141 
mem 1111441494 1 W- mod 
regi6 01000 reg 

reg8 11171411410 11 
mem 1414111 14W~ mod 
reg16 01001 reg 

reg 11%110314%14W 711 
mem 111411014 4 W- mod 
reg 1414171317101414W #1441 
mem 11110314 1 W~— mod 
reg16,reg16,imm8 0110101 41 11 
reg16,mem16,imm8 011010141 mod 
reg16,reg16,imm16 01101001 11 
reg16,mem16,imm16 01101001 mod 
reg 17111017%1W 141 
mem 1141103414 1W ~~ mod 
reg 11%4310d41t1W #141 
mem 1111031 1W~ mod 
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0 


§ 43 2 1 
reg reg 
reg mem 
reg mem 

0 10 - reg 

0 10 mem 
reg reg 
reg mem 
reg mem 

101 reg 

101° +=mem 
reg reg 
reg mem 
reg mem 

011 reg 

0 11° =mem 

00 0 reg 

000 mem 
0 1 reg 
0 1 mem 

100 ~~ reg 

100 mem 

101 reg 

10 1 =mem 
reg reg 
reg mem 
reg reg 
reg mem 

110 reg 

110 mem 

111 reg 

1 11 mem 


Clocks 


Bytes 


2-4 
2-4 
3-4 
3-6 
2-3 


2-4 
2-4 
3-4 
3-6 
29 


2-4 


2-4 
3-4 


2-4 


NEC 


Flags 
ACCYV P § Z 


< | LK | OK] KL KL mK | OK] OK | KK] OK] KE KT KK] OK] Cx 
< | «| | mL] KE KL KL KL OK] KE OK | KL KEK | OK] KL OK] mK] KP KL KK] mK 
ae ee DO Sd 


<< [ow tow | ep Ke EK pK] OK ] ow | oe | Kp Ke] KK] OK] KEK] OK] OK] KL mK] OK] KL OK] KY KL mK] OK] mK] KL KY KY] x 


c 
eye ye yo 


|eljefesfjerlselereyfejyoeopyejycolyac|]x« |] -wM] «WY wK |] KL KL KEK] Ke] OK | OK] OK] OK] mK | OK] OK EK] OK] KL OK | KK] 
c 
Cc 
c 


e/jc;c c cyjyc fom co c cjyc c x< < x < < | xe] x | xX MK | xX x< | x =< x< x< ~< < < < =< =< x | x 


elelelao|[xilx|[x][xf[xjxilx |x 


e;c;c 
i= 
cjrpjoeyoc 
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Instruction Set (cont) 














Opcode Flags 
Mnemonic Operand 76543210 765 4383 2 1 0 Clocks Bytes ACCYV P $.Z 
Comparison Instructions 
CMP reg, reg 001%1041W 14 reg reg 2 2 xX X X X X X 
mem, reg 0031411410 0W_~= mod reg mem 10/14 2-4 Xx X X X X X 
reg, mem 0014110 1W~ mod reg mem 10/14 2-4 x X X X X X 
reg, imm 100000SW 11414141 reg 4 3-4 xX X X X X X 
mem, imm 100000S W mod 111° =mem 12/16 = 33-6 xX X X X X X 
acc, imm 00%1%1%1%10W 4 2-3 Xx X X X X X 
Logical Instructions 
NOT reg 1141101 %1%W 41 =10 10 ~— reg 2 2 
mem 111310414 1W ==mod 0-1 0 mem 13/21 2-4 
NEG reg 1111031%1%W 1£104 7 ~~ reg 2 2 x xX X X X X 
mem 111713104314 %4W =omod O01 1 + mem 13/21 2-4 xX X X X X X 
TEST reg, reg 10000%10W 11 reg reg 2 2 u 00x x x 
mem, reg 100001 0W_= mod reg mem 9/13 2-4 u 00x x x 
reg, imm 111101 1%W =sd1£14100 0 ~— reg 4 3-4 u 00x x x 
mem, imm 1111031 %1W =mod 0 0 0 mem 10/14 3-6 u 00x x x 
acc, imm 10104100W 4 2-3 u 00x x x 
AND reg, reg 0010001W 1 1 reg reg 2 2 u 00x x x 
mem, reg 001000 0W_= mod reg mem 13/21 2-4 u 00x x x 
reg, mem 001000 1W_~ mod reg mem 10/14 2-4 u 00x x x 
reg, imm 1000000OW 41 1100 =~ reg 4 3-4 u 00x x x 
mem, imm 100000 0W mod 100 mem 15/23 3-6 u 00x xX x 
acc, imm 00100410W 4 2-3 u 00 xX Xx x 
OR reg, reg 0000101W 1 1 reg reg 2 2 ud0Qoxxx 
mem, reg 000010 0W_= mod reg mem 13/21 2-4 u 00x x x 
reg, mem 000010 14 W~= mod reg mem 10/14 2-4 u 00x x x 
reg, imm 1000000W 1100 1~— reg 4 3-4 u 00x x x 
mem, imm 100000 0W mod 0 0 14 mem 15/23 3-6 u 00x x x 
acc, imm 0000%1%10W 4 2-3 u 00x x x 
XOR reg, reg 0011001W 1 =1 reg reg 2 2 u 00x x x 
mem, reg 0014100 0W_= mod reg mem 13/21 2-4 u 00x x x 
reg, mem 001100 1W_= mod reg mem 10/14 2-4 u 00x x x 
reg, imm 1000000W 1 #111 «(0 reg 4 3-4 u 00x x x 
mem, imm 100000 0W mod 1140 = mem 15/23 3-6 u 00x x x 
acc, imm 001%10%310W 4 2-3 u 00x x x 
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Instruction Set (cont) 





Opcode Flags 

























































































Mnemonic Operand 76543210 7 65 4 3 2 1 0 Clocks Bytes AC CYV P § Z 
Bit Manipulation Instructions 
INS reg8, reg8 00001111 0011000 1 35133 3 
11 reg - reg 
reg8, imm8s 000011141 00114100 1 = «35-133 4 
11.000 reg 
EXT reg8, reg8 0000311141 003131001 1~= «34-59 3 
11 reg "reg 
reg8, imm8 00001111 0011410141 41 3459 4 
11000 reg 
TEST1 reg, CL 00001111 O0001000W 3 3 u 00 uu xX 
11000 reg 
mem, CL 0000117111 000109000W 7/11 3-5 u 00 uu x 
mod 0 0 0 mem 
reg, imm3/4 0000114111 000110O090W 4 4 u00uuU xX 
11000 reg 
mem, imm3/4 00001111 000%4%100W~= 8/12 4-6 u 00u u x 
mod 0 0 0 mem 
SET1 reg, CL 00001111 00010%10W 4 3 
11000 reg 
mem, CL 000011141 00041041 0W =~ 10/18 3-5 
mod 0 0 0 mem 
reg, imm3/4 000011141 0001110W 5 4 
1100 0 reg 
mem, imm3/4 000011141 0004114140 W~ 11/19 4-6 
mod 0 0 0 mem 
CY 11111001 2 1 1 
DIR 1131311311041 2 1 
CLR reg, CL 00001111 000100e41W 5 3 
1100 0 reg 
mem, CL 00001117 000100 %1W~ 11/19 3-5 
mod 0 0 0 mem 
reg, imm3/4 00001411 00011 01W 6 4 
1100 0 reg 
mem, imm3/4 00001111 000110 1 W ~~ 12/20 4-6 
mod 0 0 0 mem , 
CY 1111100.0 2 1 0 
DIR 1111110 (0 2 1 
NOT1 reg, CL 00001111 000101 1W 4 3 
11000 reg 
mem, CL 000011171 000101 14-W~ 10/18 3-5 
mod 0 0 0 mem 
reg, imm3/4 00001111 00011411 1W 5 4 
11000 reg 
mem, imm3/4 000011141 00041141 W~ 11/19 4-6 
mod 0 0 0 mem 
CY 111101401 2 1 X 
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Instruction Set (cont) 


Opcode Flags 
Mnemonic Operands 76543210 765 43 2 1 0 = Clocks Bytes ACCYV P § Z’ 


Shift/Rotate Instructions 





SHL reg, 1 1101000W 11100 reg 2 2 ux xX xX xX X 
mem, 1 1101000W = =~“mod 100 mem 13/21 2.4 ux xX X X X 
reg, CL 11010041W #141 %4 0 0~= ‘reg 7+n 2 u X UX X X 
mem, CL 4101001W. mod 100 mem 16/24 +n 2-4 u X UX X X 
reg, imm8 1100000W 144110 0 reg 7+0n 3 u xX UX X xX 
mem, imm8 1100000W mod 100+ mem 16/24+n 3-5 u'X u XxX X X 
SHR reg, 1 1101000W j(4t¢1 10 71~— reg 2 2 u xX X X X X 
mem, 1. 110 %1000W #=mod 10 %1— mem 13/21 “24° ux xx x x 
reg, CL 1101001W 441 10 1 reg 7+0 2 u xX UX X X 
mem, CL 110100414 W =mod 10 1 mem 16/24+n 2-4 u xX UX X X 
reg, imm8 1100000W 1110 1~— reg 7+n 3 u xX UX X X 
mem, imm8 1100000W mod 101 =™mem 16/24+n 3-5 ux u xX X x 
SHRA reg, 1 1101000W ittitid1 reg 2 2 u x 0 x x x 
mem, 1 1710 %1000W mod 111 = #+mem 13/21 2-4 u x 0 x x x 
reg, CL 1710%100%1W tt 41 é=1~— reg 7t+n 2 u-X UX X X 
mem, CL 11710%100%1W mod 1171 += #=mem 16/24 +n 2-4 u X UX X X 
reg, imm8 1100000W 1441414 1° reg 7+n 3 u xu xX xX Xx 
mem, imm8 1100000W “mod 11414 mem 16/24+n 3-5 u xX UX X X 
ROL reg, 1 1101000W 11000 =~ reg 2 2 x x 
mem, 1 110%1000W- # =mod 000 mem 13/21 2-4 xX X 
reg, CL 1107001W 34100 0 ~— reg 7+hA 2 xX U 
mem, CL 110100 %4W =mod 0 00 mem _ 16/24+n 2-4 xX u 
reg, imm 1100000W 11000 reg = 7+n 3 x U 
mem, imm 1100000W =~«mod 000 mem 16/24+n 35 x u 
ROR reg, 1 1101000W 11001 reg 2 2 xu 
mem, 1 1101000W..mod 001 mem — 13/21 2-4 x x 
reg, CL 1101001W 141001 ~~) reg 7+1n 2 xX u 
mem, CL 11010014 W .mod 001 mem = 16/24+n 24 xX u 
reg, imm8 1100000W 11001 ~~ reg 7+n 3 xX u 
mem, imm8 1100000W =~=*mod 001° mem 16/24 +n 3-5 x U 
ROLC reg, 1 1101000W 141 01 0 reg 2 2 x X 
mem, 1 1101000W = mod 0 1 0 mem 13/21 2-4 “x Xx 
reg, CL 110100%1W 41101 0 reg 7+1n 2 xX U 
mem, CL 110100%1W =mod 010 mem 16/24+n 2-4 iil 
reg, imm8 1100000W 110410 ~— reg 7+n 3 xX u 
mem, imm8 1100000W =mod 010 mem = 16/24+n 35 xX u 


n = number of shifts 
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NEC 





Instruction Set (cont) 





Mnemonic Operands 
Shift Rotate Instructions (cont) 
RORC reg, 1 

mem, 1 

reg, CL 

mem, CL 

reg, imm8 

mem, imms 


_ Stack Manipulation Instructions 
- PUSH —s mem16 

regi6 

sr 

PSW 


PREPARE imm16, imm8 


DISPOSE 
Control Transfer Instructions 
CALL near_proc 
regptr 
memptr16 
far_proc 
* memptr32 


pop_value 


pop_value 
BR near_label 
short_label 
reg 
memptr16 
far_tabel 
memptr32 
BV near_label 
BNV near_label 


Qiao] mi) a] o—s] a] es] es se a] ee] ue ee] es] ee] 
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Qi@met_—a~s —af maf set aw fp oe as] at ast ae as a st et OO 


Opcode 

0 765 4 3 1 

W i101 1 ~~ reg 

W mod 01 1° mem 

wi1401 41 reg 

W mod 0.1 1 mem 

Wwd1$1.01 1 reg 

W mod 01 1 mem 
n = number of shifts 

1 mod 110 mem 

0 

0 

0 

0 

1 mod 0 0 0 mem 

1 

7 

1 

0 

*imm8 = 0: 16 


{ 


id 
mod 0 1 


Oo 
= 


mod 0 1 1 


111 


mod 10 1 


imm8 > 1: 21 + 16 (imm8 — 1) 


Flags 

Clocks Bytes ACCYV P SZ 
2 2 x xX 
13/21 2-4 x X 
7+n 2 xX u 
16/24+n 2-4 xX U 
7+n 3 xX u 
16/24+n 3-5 X U 
23 2-4 
10 1 
10 1 
10 1 
65 1 
9-10 2-3 
25 | 2-4 
12 1 
12 1 
12 1 RR RRR R 
75 1 
* 4 
10 1 
20 3 
18 1 
31 2-4 
29 5 
47 2-4 
19 1 
24 3 
29 1 
32 3 
13 3 
12 2 
11 2 
23 2-4 
15 5 

2-4 
14/4 2 
14/4 2 
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Instruction Set (cont) 





Opcode Flags 

Mnemonic Operands 765432 10 765 43 2 1 0 Clocks Bytes AC CYV P § Z 
Control Transfer Instructions (cont) 
BC, BL near_label 0111001 0 14/4 2 
BNC, BNL near_label 01110011 14/4 2 
BE, BZ near_label 011310100 14/4 2 
BNE, BNZ near_label 011101041 14/4 2 
BNH near_label 011104110 14/4 2 
BH near_label 017101141 14/4 2 
BN near_label 01711000 14/4 2 
BP near_label 011411001 14/4 2 
BPE near_label 01111010 14/4 2 
BPO near_label 011110141 14/4 2 
BLT near_label 0111414 10 «0 14/4 2 
BGE near_label 071111107 14/4 2 
BLE near_label 0111414110 14/4 2 
BGT near_label 0114141141441 14/4 2 
DBNZNE near_label 11100000 14/5 2 
DBNZE near_label 11100001 14/5 2 
DBNZ near_label 11100010 13/5 2 
BCWZ near_label 11100011 13/5 2 
Interrupt Instructions 
BRK 3 11001100 50 1 

immé 110031101 50 2 
BRKV immés 110013110 52/3 1 
RETI 1100%1%1%141 39 1 R RRRRR 
CHKIND regi6, mem32 01100010 mod reg mem 25/72-75 2-4 
BRKEM imms 000011141 11131141441 +1~ «50 3 
CPU Control Instructions 
HALT 11110100 2 1 
BUSLOCK 11110000 2 1 
FPO1 fp_op 110141XXX %11YYYZ22Z22Z 2 2 

fp_op, mem 110 %1%1X X X mod Y Y Y mem 14 2-4 
FPO2 fp_op 011001471 X 11YYY2Z222Z 2 2 

fp_op, mem 0110014 1X mod Y Y Y- mem 14 2-4 
POLL 10031410141 2+5n 1 

n=number of times POLL pin is sampled. 

NOP 10010000 3 1 
DI 11111010 2 1 
EI 117114101471 2 1 
DSO:, DS1:, PS:, and SS: 001 seg 17 0 2 1 


(segment override prefixes) 

8080 Instruction Set Enhancements 

RETEM 171 0 t110e14 1749711 1101 «939 2 RR RRR R 
CALLN imm8 111 0 11041 111041101 ~= «§8 3 
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NEC uPD70216 (V50) 
16-Bit Microprocessor: 


NEC Electronics Inc. High-Integration, CMOS 
Description Ordering Information 

The wPD70216 (V50™) is a high-performance, low- _ Part Number Max Frequency (MHz) Package 
power 16-bit microprocessor integrating anumber of —_,PD70216R-8- 8 68-pin ceramic PGA 
commonly-used peripherals to dramatically reduce the re) ne, 


size of microprocessor systems. The CMOS construc- 


tion makes the wPD70216 ideal for the design of L8 8 68-pin PLCC 
portable computers, instrumentation, and process L-10 10 

control equipment. GF-8 8 80-pin plastic QFP 
The uPD70216 contains a powerful instruction set that GF-10 10 


is compatible with the wPD70108/uPD70116 (V20®/ 
V30®) and ~PD8086/uPD8088 instruction sets. In- Pin Configurations 
struction set support includes a wide range of arith- 

metic, logical, and control operations as well as bit 68-Pin Ceramic PGA 
manipulation, BCD arithmetic, and high-speed block 
transfer instructions. The wPD70216 can also execute 
the entire uPD8080AF instruction set using the 8080 
emulation mode. Also available is the wPD70208 (V40™), 
identical to the wPD70216 but with an 8-bit external 
data bus. 


Bottom View 


OO 
Oro 
O 
O 
O 
O 
O 
O 


Features 


CO) Low-power CMOS technology 
O V20/V30 instruction set compatible 
O Minimum instruction execution time: 250 ns (at 
8 MHz) 
0 Direct addressing of 1M bytes of memory 
CL] Powerful set of addressing modes 
O Fourteen 16-bit CPU registers 
CL] On-chip peripherals including 
— Clock generator 
— Bus interface 
— Bus arbitration 
— Programmable wait state generator 
— DRAM refresh controller 
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— Three 16-bit timer/counters INTP7 Ab7 ium 
— Asynchronous serial I/O controller INTPS GND RESET 
— Eight-input interrupt controller INTES at RESOUT 
INTP1 CLKOUT HLDRQ 
_- Four-channel DMA controller BMRAKGTxD ats Mares 
C) Hardware effective address calculation logic DMAAK2 ADg Aa7/PS4 
C] Maskable and nonmaskable interrupt inputs DMAAKi BUFEN AD14 
C] IEEE 796 compatible bus interface itary BURRS AD415 
OL tandb d END/TC ADio iORD 
ow-power standby mode arr aba ag 
TOUT2 BUSLOCK BSo 
V20 and V30 are registered trademarks of NEC Corporation. INTP6 iOWR READY 





INTP4 ADi2 Vpp 
INTP2 ADi3 HLDAK 
INTAK/TOUT1/ MWR ‘REFRO 
SRDY 
DMARQ3/RxD MAD A1g/PS2 
DMARQ2 BS A16/PSo 


83-002719B 





V40 and V50 are trademarks of NEC Corporation. 
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Pin Configurations (cont) 


68-Pin Plastic Leaded Chip Carrier (PLCC) 











58] BUSLOCK 
57 [) BUFR/W 
56] BUFEN - 
55 1] CLKOUT 





46 LJ TCTL2 
45 [) TOUT2 





43 [) INTP7 









ANTP3 
INTP2 

INTP1 
INTAK/TOUT1/SRDY 
DMAAK3/TxD 
DMARQ3/RxD 
DMAAK2. 

DMARQ2 

DMAAKi 

DMARQ1 

DMAAKO 

A17/PS4 DMARQO 

A16/PSo J END/TC 





‘ wPD70216L 
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Pin Configurations (cont) 


80-Pin Plastic QFP 


79 [] A1g/PS2 
78 [1 A19/PS3 
77 [J REFRQ 
76,1) HLDRQ 
75 (] HLDAK 
74 1] RESOUT 
71 [J] RESET 
70 (7 READY 


O 80 1 A17/PS1 


CaOn Do eB WD = 


=> = 
= Oo 





— 
ND 


yPD70216GF - 


(a ee a oe ee er ee Y 
oO WON DW fh WwW 


END/TC 


DMARQO [J 25 
DMAAKO [J 26 
DMARQ1 [[} 27 
DMAAK1 [] 28 
DMARQ2 [J 29 
DMAAK2 [J 30 
DMARQ3/RxD C] 31 
DMAAK3/TxD [J 32 


INTAK/TOUT1/SRDY [] 34 


83-004127B 





yPD70216 (V50) 


Pin Identification 


Symbol 
A4g-A1g/PS3-PSg 














DMARQ3/RxD 


END/TC 

GND 

HLDAK 

HLDRQ 

ic 
INTAK/TOUT1/SRDY 


INTP1-INTP7 
lORD 
iOWR 
MRD 
MWR 
NC 
NMI 
POLL 
QS4-0Sp 
READY 
REFRQ 
RESET 
RESOUT 
TCLK 
TCTL2 


Function 
Multiplexed address/processor status outputs 
Multiplexed address/data bus 
Address strobe output 
Bus status outputs 
Data bus transceiver enable output 
Data bus transceiver direction output 
Buslock output 
System clock output 
DMA channel 0 acknowledge output 
DMA channel 1 acknowledge output 
DMA channel 2 acknowledge output 


DMA channel 3 acknowledge output/Serial 
transmit data output ~ 


DMA channel 0 request input 
DMA channel.1 request input 
DMA channel 2 request input 


DMA channel 3 request input/Serial receive 
data input 


End input/Terminal count output 
Ground 

Hold acknowledge output 

Hold request input 

Internal connection; leave unconnected 


Interrupt acknowledge output/Timer/counter 1 
output/Serial ready output 


Interrupt request inputs 

1/0 read strobe output 

1/0 write strobe output 
Memory read strobe output 
Memory write strobe output 
No connection 

Nonmaskable interrupt input 
Poll input 

CPU queue status outputs 
Ready input 

Refresh request output 

Reset input 

Synchronized reset output 
Timer/counter external clock input 
Timer/counter 2 control! input 
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Symbol Function 
TOUT2 Timer/counter 2 output 

UBE Upper byte enable output 
Vpp +5 V power supply input 

X1, X2 Crystal/external clock inputs 


Pin Functions 
Ai9-A1¢6/PS3-PSo [Address/Status Bus] 


These three-state output pins contain the upper 4 bits 
of the 20-bit address during T1 and processor status 
information during the T2, T3, TW, and T4 states of a 
bus cycle. During T1 of amemory read or write cycle, 
these pins contain the upper 4 bits of the 20-bit 
address. These pins are forced low during T1 of an I/O 
bus cycle. . 


Processor status is output during T2, T3, TW, and T4of 
both memory and I/O bus cycles. PSg is zero during 
any CPU native mode bus cycle. During any DMA, 
refresh, or 8080 emulation mode bus cycle, PS3 outputs 
a high level. PS» outputs the contents of the interrupt 
enable (IE) flag in the CPU PSW register. PS; and PSg 
indicate the segment register used to form the physical 
address of a CPU bus cycle as follows: 


PS; PS Segment 
0 0 Data segment 1 (DS1) 
0 1 Stack segment (SS) 
1 0 Program segment (PS) 
1 1 Data segment 0 (DSO) 


These pins are in the high-impedance state during hold 
acknowledge. 


AD 45-ADpo [Address/Data Bus] 


These three-state pins form the middle byte of the 
active-high, time-multiplexed address/data bus. During 
T1 of abus cycle, AD45-ADg output the lower 16 bits of 
the 20-bit memory or I/O address. During the T2, T3, 
TW, and T4 states, ADy5-ADp form the 16-bit bi- 
directional data bus. 


The memory and !/O address spaces are organized 
into a pair of byte-wide banks. The even bank is 
accessed whenever ADpy = 0 during T1 of a bus cycle. 
Access to the odd bank is controlled by the UBE pin. 


The AD 15-ADo pins enter the high-impedance state 
during hold acknowledge or internal interrupt acknow- 
ledge bus cycles or while RESET is asserted. Pins 
ADi9-ADg contain the slave address of an external 
interrupt controller during the second interrupt ac- _ 
knowledge bus cycle. 
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ASTB [Address Strobe] 


This active-high output is used to latch the address 
from the multiplexed address bus in an external address 
latch during T1 of a bus cycle. ASTB is held at a low 
level during hold acknowledge. 


BS2-BSp [Bus Status] 


Outputs BS2-BSp indicate the type of bus cycle being 
performed as shown below. BS»o-BSp become active 
during the state preceding T1 and return to the passive 
state during the bus state preceding T4. 


BS2 BS, BS Bus Cycle 
0 0 0 Interrupt acknowledge 
0 0 1 1/0 read 
0 1 0 1/0 write 
0 1 1 Halt 
1 0 0 Instruction fetch 
1 0 1 Memory read (1) 
1 1 0 Memory write (2) 
1 1 1 Passive state 
Note: 


(1) Memory read bus cycles include CPU, DMA read, DMA verify, 
and refresh bus cycles. 


(2) Memory write bus cycles include CPU and DMA write bus cycles. 


BS2-BSp are three-state outputs and are high imped- 
ance during hold acknowledge. 


BUFEN [Buffer Enable] 


BUFEN is an active-low output for enabling an external 
data bus transceiver during a bus cycle. BUFEN is 
asserted during T2 through T3 of a read cycle, T2 
through T3 of aslave interrupt acknowledge cycle, and 
T1 through T4 of a write cycle. BUFEN is not asserted 
when the bus cycle corresponds to an internal pe- 
ripheral, DMA, refresh, or internal interrupt acknow- 
ledge cycle. BUFEN enters the high-impedance state 
during hold acknowledge. 


BUFR/W [Buffer Read/Write] 


BUFR/W is a three-state, active-low output used to 

control the direction of an external data bus trans- 

ceiver during CPU bus cycles. A high level indicates the 
uPD70216 will perform a write cycle and a low level 

indicates a read cycle. BUFR/W enters the high- 

impedance state during hold acknowledge. 
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BUSLOCK 


This active-low output provides a means for the CPU to 
indicate to an external bus arbiter that the bus cycles of 
the next instruction are to be kept contiguous. 
BUSLOCK is asserted for the duration of the instruction 
following the BUSLOCK prefix. BUSLOCK is also 
asserted during interrupt acknowledge cycles and 
enters the high-impedance state during hold acknow- 
ledge. While BUSLOCK is asserted, DMAU, RCU, and 
external bus requests are ignored. 


CLKOUT 


CLKOUT is a buffered clock output used as a reference 
for all timing. CLKOUT has a 50-percent duty cycle at 
half the frequency of the input clock source. 


DMAAK0-DMAAK2 [DMA Acknowledge] 


This set of outputs contains the DMA acknowledge 
signals for channels 0-2 from the internal DMA control- 
ler and indicate that the peripheral can perform the 
requested transfer. 


DMAAK3/TxD [DMA Acknowledge 3}/ [Serial 
Transmit Data] 


Two output signais multiplexed on this pin are selected 
by the PF field of the on-chip peripheral connection 
register. 


e DMAAKS is an active-low output and enables an 
external DMA peripheral to perform the requested 
DMA transfer for channel 3. 


e TxD is the serial data output from the serial control 
unit. 
DMARQO-DMARQ2 [DMA Request] 


These synchronized inputs are used by external pe- 
ripherals to request DMA service for channels 0-2 from 
the internal DMA controller. 


DMARQ3/RxD [DMA Request 3]/[Serial Receive 
Data] 


Two input signals multiplexed on this pin are selected 
by the PF field of the on-chip peripheral connection 
register. 


e DMARQ3 is used by an external peripheral to request 
a DMA transfer cycle for channel 3. 


e RxD is the serial data input to the serial control unit. 
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END/TC [End/Terminal Count] 


This active-low bidirectional pin controls the termin- 
ation of a DMA service. Assertion of END by external 
hardware during DMA service causes the service to 
terminate. When a DMA channel reaches its terminal 
count, the DMAU asserts TC, indicating me program- 
med operation has completed. 


END/TC is an open-drain I/O pin, and requires an 
external 2.2-kQ pull-up resistor. 


HLDAK [Hold Acknowledge] 


When an external bus requester has become the 
highest priority requester, the internal bus arbiter will 
assert the HLDAK output indicating the address, data, 
and control buses have entered a high-impedance state 
and are available for use by the external bus master. 


Should the internal DMAU or RCU (demand mode) 
request the bus, the bus arbiter will drive HLDAK low. 
When this occurs, the external bus master should 
complete the current bus cycle and negate the HLDRQ 
signal. This allows the bus arbiter to reassign the bus to 
the higher priority requester. 


If a higher priority internal bus master subsequently 
requests the bus, the high-level width of HLDAK is 
guaranteed to be a minimum of one CLKOUT period. 


HLDRQ [Hold Request] 


This active-high signal is asserted by an external bus 
master requesting to use the local address, data, and 
control buses. The HLDRQ inputis used by the internal 
bus arbiter, which gives control of the buses to the 
highest priority bus requester in the following order. 


Bus Master Priority 

RCU , Highest (demand mode) 
DMAU 8 

HLDRQ ye -® 

CPU e : 
RCU Lowest (normal operation) 


INTAK/TOUT1/SRDY [Interrupt Acknowledge]/ 
[Timer 1 Output]/[Serial Ready] 


Three output signals multiplexed on this pin are 
selected by the PF field of the on- chip peripheral 
connection register. 


e INTAK is an interrupt aekndwiedas signal used to 
cascade external slave uwPD71059 Interrupt Control- 
lers. INTAK is asserted during T2, T3, and TW states 
of an interrupt acknowledge cycle. 
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e TOUT1 is the output of timer/counter 1. 


e SRDY is an active-low output and indicates that the 
serial contro}. unit is ready to. receive the next 
character. 


INTP1-INTP7 [Peripheral Interrupts] 


INTP1-INTP7 accept either rising-edge’or high-level 
triggered asynchronous interrupt requests from external 
peripherals. These INTP1-INTP7 inputs are internally 
synchronized and prioritized by the interrupt control 
unit, which requests the CPU to perform an interrupt 
acknowledge bus cycle. External interrupt controllers 
such as the uwPD71059 can be cascaded to increase the 
number of vectored interrupts. 


These interrupt inputs cause the CPU to exit both the 
standby and 8080 emulation modes. 


The INTP1-INTP7 inputs contain internal pull-up re- 
sistors and may be left unconnected. 


IORD [1/0 Read] 


This three-state pin outputs an active-low 1!/O read 
strobe during T2, T3, and Tw of an I/O read bus cycle. 
Both CPU I/O read and DMA write bus cycles assert 
IORD. IORD is not asserted when the bus cycle 
corresponds to an internal peripheral or register. It 
enters the high-impedance state during hold acknow- 
ledge. 





IOWR [I/O Write] 


This three-state pin outputs an active-low I/O write 
strobe during T2, T3, and TW of a CPU I/O write or an 
extended DMA read cycle and during T3 and TW of a 
DMA read bus cycle. IOWR is not asserted when the 
bus cycle corresponds to an internal peripheral or 
register. It enters the high-impedance state during 
hold acknowledge. | 





MRD [Memory Read Strobe] 


This three-state pin outputs an active-low memory 
read strobe during T2, T3, and TW of a memory read 
bus cycle. CPU memory read, DMA read, and refresh 
bus cycles all assert MRD. MRD enters the high- 


impedance state during hold acknowledge. 


MWR [Memory Write Strobe] 


This three-state pin outputs. an active-low memory 
write strobe during T2, T3, and TW of a CPU memory 
write or DMA extended write bus cycle and during T3 
and TW of a DMA normal write bus cycle. MWR enters 
the high-impedance state during hold acknowledge. 
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NMI [Nonmaskable Interrupt] 


The NMI pin is a rising-edge-triggered interrupt input 
that cannot be masked by software. NMI is.sampled by 
CPU logic each clock cycle and when found valid for 
one or more CLKOUT cycles, the NMI interrupt is 
accepted. The CPU will process the NMI interrupt 
immediately after the current instruction finishes 
execution by fetching the segment and offset of the 
NMI handler from interrupt vector 2. The NMI interrupt 
causes the CPU to exit both the standby and 8080 
emulation modes. The NMI input takes precedence 
over the maskable interrupt inputs. 


POLL [Poll] 


The active-low POLL input is used to synchronize the 
operation of external devices with the CPU. During 
execution of the POLL instruction, the CPU checks the 
POLL input state every five clocks until POLL is once 
again asserted. 








QS1-QSpo [Queue Status] 


The QS; and QSp outputs maintain instruction synch- 
ronization between the wPD70216 CPU and external 
devices. These outputs are interpreted as follows. 


QS) QS Instruction Queue Status 
0 0 No operation 
0 1 First byte of instruction fetched 
1 0 Flush queue contents 
1 1 Subsequent byte of instruction fetched 


Queue status is valid for one clock cycle after the CPU 
has accessed the instruction queue. 


READY [Ready] 


This active-high input synchronizes external memory 
and peripheral devices with the wPD70216. Slow 
memory and I/O devices can lengthen a bus cycle by 
negating the READY input and forcing the BIU to insert 
TW states. READY must be negated prior to the rising 
edge of CLKOUT during the T2 or by the last internally- 
generated TW state to guarantee recognition. When 
READY is once again asserted and recognized by the 
BIU, the BIU will proceed to the T4 state. 


The READY input operates in parallel with the internal 
uPD70216 wait contro! unit and can be used to insert 
more than three wait states into a bus cycle. 
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REFRQ [Refresh Request] 


REFRQ is an active-low output indicating the current 
bus cycle is a memory refresh operation..REFRQ is 
used to disable memory address decode logic and 
refresh dynamic memories. The 8-bit refresh row 
address is placed on Ag-A, during a refresh bus cycle. 


RESET [Reset] 


RESET is a Schmitt trigger input used to force the 
uUPD70216 to a known state by resetting the CPU and 
on-chip peripherals. RESET must be asserted for a 
minimum of four clocks to guarantee recognition. After 
RESET has been released, the CPU will start program 
execution from address FFFFOH in the native mode. 





RESET will release the CPU from the low-power 
standby mode and force it to the native mode. 


RESOUT [Reset Output] 


This active-high output is available to perform asystem- 
wide reset function. RESET is internally synchronized 
with CLKOUT and output on the RESOUT pin. 





TCLK 


TCLK is an external clock source for the timer control 
unit. The three timer/counters can be programmed to 
operate with either the TCLK input or a prescaled 
CLKOUT input. 

TCTL2 


TCTL2 is the contro! input for timer/counter 2. 


TOUT2 
TOUT2 is the output of timer/counter 2. 


UBE [Upper Byte Enable] 


UBE is an active-low output, asserted when the upper 
byte of the 16-bit data bus contains valid data. UBE is 
used along with Ag by the memory decoding logic to 
select the even/odd banks as follows. 


me) Bus 
Operation UBE Ag Cycles 
Word, even address 0 0 1 
Word, odd address 0 1 (1st bus cycle) 2 
1 0 (2nd bus cycle) 
Byte, even address 1 0 1 
Byte, odd address 0 1 1 


UBE is a three-state output and enters the high- 
impedance state during hold acknowledge. 
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X1, X2 [Clock Inputs] 


These pins accept either a parallel resonant, funda- 
mental mode-crystal or an external oscillator input with 
a frequency twice the desired operating frequency. 


In the case of an external clock generator, the X2 pin 
can either be left unconnected or be driven by the 
complement of the X1 pin clock source. 


Pin States 


Table 1 lists the output pin states during the Hold, Halt, 


Reset and DMA Cascade conditions, 


Table 1. Output Pin States 


Symbol 
Aig9-A16/PS3-PSo 
AD15-ADp 
ASTB 
BSo-BSp 
BUFEN 
BUFR/W 
BUSLOCK 
CLKOUT 
DMAAKO-DMAAK2 
DMAAK3/ 
TxD 
END/TC 
HLDAK 
INTAK 
TOUT1 
SRDY 
lORD 
IOWR 
MRD 
MWR 
QS}-0Sp 
REFRO 
RESOUT 
TOUT2 
UBE 


H: high level; L: low level; H 


impedance. 


Output 
3-state Out 
3-state 1/0 

Out 
3-state Out 
3-state Out 
3-state Out 
3-state Out 

Out 

Out 

Out 


1/0 
Qut 
Out 


3-state Out 
3-state Out 
3-state Out 
3-state Out 
Out 
Out 
Out 
Out 
3-state Out 


Hold 
Hi-Z 
Hi-Z 
L 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
H/L 


H/L 
H/L 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
H/L 
H. 
L 
H/L 
Hi-Z 


Halt 
H/L 
H/L 


H/L 
H/L 
H/L 
H/L 
H/L 


H/L 
H/L 


H/L 
H/L 


[ees = ee ee 


H/L 
L 
H/L 
H 


OMA 


‘Reset Cascade 


H/L 
Hi-Z 
L. 


=x 


H 
H 
H 
H 
L 
H 
H 


H/L 
H 


Hi-Z 
Hi-Z 
L 
H 
Hi-Z 
Hi-Z 
Hi-Z 
H/L 
H/L 
H/L 
H/L 


H/L 
H/L 
Hi-Z 
Hi-Z 
Hi-Z 
Hi-Z 
H/L 
H 
L 
H/L 
Hi-Z 


/L: high or low level; Hi-Z: high 
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Block Diagram 


INTP1 Wait 

INTP2 Control 

INTP3 | Interrupt Unit 
Control WCU 

INTP4 Unit [ ] 

INTPS [ICU] 

INTP6 


INTP7 


TOUT2 Timer/ 

TOUT1 Counter 

TCTL2 Unit 
TCLK [TCU] 
























DMARQO 
DMAAKO Central 
Processing 
DMARQ1 Unit 
DMAAK1 DMA [CPU] 
Controi 
DMARQ2 Unit 


DMAAK2 [DMAU] 


DMARQ3 
DMAAK3 


END/TC 


INTAK 





NMI 


x1 
X2 


Refresh 
Control 
Unit 





Clock 
Generator 


CLKOUT [CG] 


[RCU] 









Bus 
Interface 


Unit 
[BIU] 





Bus 
Arbitration 
Unit 

[BAU} 


Serial 
Control 
Unit 
[SCU} 
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A19-A16/PS3-PSo 


AD15-ADo 


BS2-BSo 


Qs; 
QSo 
POLL 
ASTB 
UBE 
BUFEN 


BUFR/W 
BUSLOCK 


fORD 
iOWR 
MRD 
MWR 
READY 


RESET 
RESOUT 






HLDAK 
HLDRQ 








TxD 
SRDY 
RxD 


REFRQ 
83-004138C 
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Absolute Maximum Ratings 


Ta = +25°C 

Power supply voltage, Vpp 
Input voltage, V; 

CLK input voltage, V, 
Output voltage, Vo 
Operating temperature, Topt 
Storage temperature, Tstg 


—0.5 to +7.0V 
—0.5 to Vpp + 0.3 V 
—0.5 to Vpp + 1.0 V 
—0.5 to Vpp + 0.3 V 

~—10 to +70°C 

—65 to + 150°C 


Comment: Exposure to Absolute Maximum Ratings for extended 
periods may affect device reliability; exceeding the ratings could 
cause permanent damage. The.device should be operated within the 
limits specified under DC and AC Characteristics. 





Capacitance 
Ta = +25°C, Vpp =0V 
Limits Test 
is Parameter Symbol Min Conditions 
Input capacitance’ C, 15 pF fo¢=1 MHz; 
Output capacitance © Co 15 unmeasured pins 


are returned to 0 V. 
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DC Characteristics 


Vop = 5 V 5% (10 MHz) 


Parameter 
Input voltage, high 


Input voltage, low . 


X1, X2 input 
voltage, high 


X1, X2 input 
voltage, low 


Output voltage, high 
Output voltage, low 


Symbol 


Vin 


Vib 
VKH 
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- Ta =—10 to +70°C, Vpp = +5 V £10% (8 MHz), 


Limits Test 

Min = Max Unit. — Conditions 

22 Vppt+ V 
0.3 

-05 O08 V- 

39 Vpp+ V 
1.0 

-05 06 V 

0.7 Vpp Vo Igy = —400 uA 

04 #V lop= 2.5 mA 


10 wA Vi =Vopp 
current, high 


Input leakage 


Input leakage 
current, low 


Output leakage 
current, high 


Output leakage 
current; low 


Supply current 
8 MHz 


10 MHz 


—300 yA Vj, =0V, INTP 
input pins 
—10 wA = 0 V, other 
input pins 
10 yA Vo=Vopp 
—10 pA Vo=0V 
90 mA Normal mode 
20 mA Standby mode 
120 mA Normal mode 
25 mA Standby mode 
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AC Characteristics 


Ta =—10 to +70°C; Vpp = 5 V £10% (8 MHz), Vpp = 5 V £5% (10 MHz), Cy = 100 pF 

















































































































8 Miz Limits 10 MHz Limits 

Parameter Symbol Min Max Min Max Unit _— Test Conditions 
External clock input cycle time tcyy 62 250 50 250 ns 
External clock pulse width, high tXXH 20 19 ns VKH = 3.0 V 
External clock pulse width, low tyx 20 19 ns V«L =1.5V 
External clock rise time tyr 10 5 ns 15— 3.0V 
External clock fall time tyr 10 5 ns 3.0 1.5V 
CLKOUT cycle time toykK 124 500 100 500 ns 
CLKOUT pulse width, high tkKH 0.5 teyx —7 0.5 tey« — 5 ns VkH =3.0V 
CLKOUT pulse width, low tkKL 0.5 teyx —7 0.5 tcyx —5 ns Vi =1.5V 
CLKOUT rise time tkr 7 5 ns 15 — 3.0V 
CLKOUT fall time tk 7 5 ns 3.0 + 15V 
CLKOUT delay time from external clock tox 55 40 ns 
Input rise time (except external clock) tir 20 15 ns 0.8—-2.2V 
Input fall time (except external clock) tir 2 10 ns 2.2 + 0.8V 
Output rise time (except CLKOUT) tor 20 15 ns 0.8 —+22V 
Output fail time (except CLKOUT) tor 12 10 ns 2.2—>08V 
RESET setup time to CLKOUTI tSRESK 25 20 ns 
RESET hold time after CLKOUTI tHKRES 35 25 ns 
RESOUT delay time from CLKOUTS tDKRES 5 60 5 50 ns 
READY inactive setup time to CLKOUTT tspYLK 15 15 ns 
READY inactive hold time after CLKOUTt —ttyxry. 25 20 ns 
READY active setup time to CLKOUTt tspYHK 15 15 ns 
READY active hold time after CLKOUTTt tHKRYH 25 20 ns 
NMI, POLL setup time to CLKOUTTt tsik 15 15 ns 
Data setup time to CLKOUT! tspk 15 15 ns 
Data hold time after CLKOUT! tuKp 10 10 ns 
Address delay time from CLKOUTS toKA 10 55 10 50 ns A4g-Ag UBE 
Address hold time after CLKOUTI tHKA 10 10 ns . 
1/0 recovery time tal 2tcyx — 50 2tcyk — 40 ns (Note 1) 
PS delay time from CLKOUTS tpKP 10 60 10 50 ns 
PS float delay time from CLKOUTT teKp 10 60 10 50 ns 
Address setup time to ASTBI tsast __ txk. — 20 tkkL — 30 ns 
Address float delay time from CLKOUTI tFKA tuKa 60 tHKA 50 ns 
ASTBt delay time from CLKOUTI tDKSTH 45 40 ns 
ASTB} delay time from CLKOUTT tDKSTL 50 45 ns 
ASTB pulse width, high tstsT tkx. — 10 tkx. — 10 ns 
Address hold time after ASTBI tusta  tkkH — 20 tkkH — 20 ns 
Control delay time from CLKOUT tpKeTt 10 70 10 60 ns (Note 2) 

toxeT2 10 60 10 59 ns (Note 3) 
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AC Characteristics (cont) 





8 MHz Limits 10 MHz Limits 

Parameter Symbol Min » Max Min Max Unit Test Conditions 

RD} delay time from address float tDAFRL 0 0 ns . (Note 4) 

RD! delay time from CLKOUTS toKRL 10 75 10 65 ns 

RDt delay time from CLKOUT! toKRH 10 70 10 60 ns 

REFROQt delay from MRD f tpraHRH tkkL — 30 tkx, — 30 ns (Note 5) 

Address delay time from RDt tprHa tex — 40 tcyk — 40 ns 

RD pulse width, low trR 2tcyk — 50 2tcyk — 40 ns 

BUFR/W delay from BUFENt topect tx — 20 tkkL — 20 ns Read cycle 

i tpwcT — txxL — 20 tkKL — 20 ns Write cycle 

Data output delay time from CLKOUT toKp 10 60 10 55 ns 

Data float delay time from CLKOUTS teKD 10 60 10 55 ns 

WR pulse width, low tww 2tcyk — 40 2tcyk — 40 ns (Note 4) 

BSJ delay time from CLKOUTT tpKBL 10 60 10 55 ns 

BSt delay time from CLKOUT} toKBH 10 60 10 55 ns 

HLDRQ setup time to. CLKOUTT tsHOK 20 15 ns 

HLDAK delay time from CLKOUTI toKHA 10 70 10 60 ns 

DMAAK} delay time from CLKOUTT tDKHDA 10 60 10 55 ns 

DMAAK} delay time from CLKOUTS toKLDA 10 90 10 80 ns Cascade mode 

WR pulse width, low (DMA cycle) twwt 2tcyx — 40 2tcyK — 40 ns DMA extended 
write cycle 

WR pulse width, low (DMA cycle) twwe teyk — 40 teyx — 40 ns DMA normal 
write cycle 

RDJ, WRI delay from DMAAK} tpparw —_ tkkH — 30 tkkH — 30 ns 

DMAAKt delay from RDt tprHpaH  txkL— 30 tkxL— 30 ns 

RDT delay from WRT tpWHRH 5 : 5 ns 

TC output delay time from CLKOUTT toKTCL 60 55 ns 

TC off delay time from CLKOUTT toKTCF 60 55 ns 

TC pulse width, low tretcL = teyk — 15 teyk — 15 ns 

TC pullup delay time from CLKOUTT tDKTCH tkKH tkKH ns 

+ teyx — 10 + tcyx — 10 

END setup time to CLKOUTt tsepK 35 30 ns 

END pulse width, low tEDEDL 100 80 ns 

DMARQ setup time to CLKOUTt tspak 35 30 ns 

INTPn pulse width, low tiPIPL 100 80 ns 

RxD setup time to SCU internal clock} tsrx 1 0.5 BS 

RxD hold time after SCU internal clock! —_tyrx 1 0.5 ys 

SRDY delay time from CLKOUTI tDKSR 150 100 ns 

Notes: 

(1) This is specified to guarantee a read/write recovery time for!/O (4) RD represents ORD and MRD. WRrepresents IOWR and MWR. 

devices. 


(5) This is specified to guarantee that REFRQ ft is delayed from 
(2) Delay from CLKOUT to DMA cycle MWR/IOWR outputs. MRD ft at all times. 


(3) Delay from CLKOUT to BUFR/W, BUFEN, INTAK, REFRQ out- 
puts and CPU cycle MWR/IOWR outputs. 
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AC Characteristics (cont) 





Parameter Symbol 
TxD delay time from TOUT1$ toTx 
TCTL2 setup time from CLKOUT! tscx 
TCTL2 setup time to TCLKT tsGTK 
TCTL2 hold time after CLKOUT! tke 
TCTL2 hold time after TCLKt tHTKG 
TCTL2 pulse width, high tecH 
TCTL2 pulse width, low tec 
TOUT output delay time from CLKOUT! toxTo 
TOUT output delay time from TOUT! toTKTO 
TOUT output delay time from TCTL2! tpgTo 
TCLK rise time trKR 
TCLK fall time ttKF 
TCLK pulse width, high tTKTKH 
TCLK pulse width, low tTKTKL 
TCLK cycle time teyTk 
RESET pulse width low tRESET1 
tRESET2 


8 MHz Limits 

Min Max 
500 

50 

50 

100 

50 

50 

50 
200 
150 
120 
25 
25 

50 

50 

124 DC 

50 

4 tovk 


10 MHz Limits 

Min Max 
200 

40 

40 

80 

40 

40 

40 
150 
100 
90 
25 
25 

45 

45 

100 DC 

50 

4 tcvk 
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Unit ~ Test Conditions 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MS After power on 
During operation 
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uPD70216 Clock Input Configurations | Timing Measurement Points - 





Input 2.4V 
[except Clock] 


Crystal-Controlled Internal Clock 
0.4V 
| 


; 15 pF 
i co 
‘15 pF 


External Clock 1 





External Clock 2 
> O 


Buffers are high-speed 
CMOS inverters. 


83-004019A 





Timing Waveforms 


Clock Timing 


External 
Clock 
[X14] 





CLKOUT 


83-001844B 
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Timing Waveforms (cont) 


uUPD70216 (V50) 





Reset and Ready Timing 





Reset Timing 
CLKOUT 
tsRESK 
RESET 
toKRES 
RESOUT 
Ready Timing,No Wait States _ 
TI T2 13 T4 11 
CLKOUT 
tHKRYH 
READY 





Ready Timing, Wait States 


CLKOUT 


READY 





83-002725B 
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Timing Waveforms (cont) 


Poll, NMI, and Buslock Timing 


POLL, NMI Input Timing 


POLL, NMI 


BUSLOCK Output Timing 


BUSLOCK 





83-001831B 


Read/Write Recovery Time 





83-004266B 
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Timing Waveforms (cont) 


Read Timing 


Address ye Processor Status 


1 
toKa | toxp 
wf 





tsast _ = tspk au 
| 


| 





toKSTH | 


toxsTL 
toketT2 


[Note 1] 




















[Note 1] 








—| 


Note: 
[1] Except internal I/O accesses. 
83-001845B 
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Timing Waveforms (cont) 


Write Timing 


CLKOUT 


| | | 





| 


NE 





os i oa 


| 


. tekD 


AD45-ADo {Aadross Data Output 


iia 


tsast 








toKcT2 —>} 


~ [tee 





BS2-BSo 





>| 


Note: 
[1] Except internal I/O accesses. 
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[Note 1] 








[Note 1] 


tww 


A 


f 





toKcT2 


83-001843B 


NEC uPD70216 (V50) 


Timing Waveforms (cont) 





Status Timing 
T4 


CLKOUT 


<t— toxp 


‘ Address x Processor Status 


tspk = | 
( Address » ( Data Input , 





BS2-BSo \ Bus Status 
tokeBL tDKRH 
MRD, IORD 
MWR, IOWR : 


toKA toKRL 
trr 


QS1, QS0 





83-002721B 
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Timing Waveforms (cont) 


Interrupt Acknowledge Timing 


(Note 1). 


Vector number 
[Note 2] 


toxcT2 tpKcT2 


(Note 3) \ (Note 3) / 


ae en 


Notes: 


[1] if the interrupt is accepted following a control transfer, the three TI states 
can be replaced with an unused instruction fetch bus cycle. 


[2] Stave address when the interrupt is from external u.PD70159. Undefined 


when internal {CU interrupt. 


[3] Solid line when interrupt from-external uPD70159. Dash tine when internal 
ICU interrupt. 
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Timing Waveforms (cont) 


HLDRQ/HLDAK Timing, Normal Operation 


CLKOUT 


HLDRQ 


toKa 





Internal Bus Master [Note 1] - - . ( 


——__ 





internal 
Bus Master 





— toKA 
Internal Bus Master (Note 2] { Internal Bus Master 


—_—_—_ 


(2) BS2-BSo 
83-001828B 





HLDRQ/HLDAK Timing, Bus Wait 


CLKOUT 


7mm UR ER 


ey - 
External Bus Master [Note 1] aaah 
—— 


[1] At9/PS3-A16/PSo, AD15-ADo, UBE, BUFEN, BUFR/W, MRD, IORD, MWR, iOWR, BSo-BSp. 


Note: 





83-001829B 


21 


uPD70216(V50) NV. E C 


Timing Waveforms (cont) 


Refresh Timing 


tDKP 


[Undefined | 


f Row Address Address 


tDAFRL 
_| tpRQHRH 
tDKRL ; 





BS2-BSo BS2 = 1, BS1 = 0, BSp = 1 


83-003517C 
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Timing Waveforms (cont) 


DMAU, DMA Transfer Timing 


CLKOUT 
ee 


toxp 


r tHKA 
AigiPSs3- ( Address me 
AigiPSo : 


Address 
| “| tEKA 


eases 





tDKHDA 


tDAFRL 
tpDARW 


~—-tDKRH 


— _ 


toKerT1 toKeT1 


twwt toWHRH 
| oa 


Early write mode. 


MWR, IOWR 





83-001847B 
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Timing Waveforms (cont) 


DMA Timing 


END/TC Timing 


CLKOUT 





OMA Request Timing 


CLKOUT 
tspak 


DMARQn 
(n=0-3) 


Cascade Mode, Normal Operation 





v1 
CLKOUT 
tspak 
DMARQ 
tDKLDA 
a 
DMAAK 


Cascade Mode, Refresh Cycle Insertion 


CLKOUT a Nec ee 
DMARQ 


—'OKLDA tDKLDA 


DMAAK ee it 








83-001826C. 
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Timing Waveforms (cont) 


SCU Timing 


16 or 64 TOUT! pulses 


16 or 64 TOUT pulses 


CLKOUT 





6-007 8498 
ICU Timing 


tiPIPL 
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Timing Waveforms (cont) 


TCU Timing, Internal Clock Source 


CLKOUT 





tpGto (TouT2) 








83-002722B 


TCU Timing, TCLK Source 


trkr ttkF 
\~<¢— <— 


ttKTKH 


TOUTn [n = 1, 2] 


83-001823B 
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Functional Description 


Refer to the 4PD70216 block diagram for an overview 
of the ten major functional blocks listed below. 


Central processing unit (CPU) 
Clock generator (CG) 

Bus interface unit (BIU) 

Bus arbitration unit (BAU) 
Refresh control unit (RCU) 
Wait control unit (WCU) 
Timer/counter unit (TCU) 
Serial control unit (SCU) 
Interrupt control unit (ICU) 
DMA control unit (DMAU) 


Figure 1. 4PD70216 CPU Block Diagram 


uUPD70216 (V50) 


Central Processing Unit 


The wPD70216 CPU functions similarly to the CPU of 
the ~PD70116 CMOS microprocessor. However, be- 
cause the wPD70216 has internal peripheral devices, 
its bus architecture has been modified to permit 
sharing the bus with internal peripherals. The uPD70216 
CPU is object code compatible with both the 4PD70108/ 
uPD70116 and the yPD8086/uPD8088 microprocessors. 


Figure 1 is the yPD70216 CPU block diagram. A listing 
of the uwPD70216 instruction set is in the final sections 
of this data sheet. 


Internal address/data bus (20) 


oh 


4 
m 
= 
uv 


=a 


l 


=< 


Queue data 
bus(8) 


+ 
als 


Shifter 


: 


Subdata bus(16) 





T-State 
Control 


Cycle interrupt 
Decision Control 
Queue Standby 
Control Control 


NMI 
INT 
(from ICU) 


CLOCK 
(from CG) 


BCU 
EXU 


Effective Address 
Generator 


yaddress |) ee noai [29> Micro data bus 


Register 





Control 
Instruction Decoder 


Main data bus(16) 


83-001839B 
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Register Configuration 


Program Counter [PC]. The program counter is a 16- 
bit binary. counter that contains the program segment 
offset of the next instruction to be executed. The PC is 
incremented each time the microprogram fetches an 
instruction from the instruction queue. The contents of 
the PC are replaced whenever a branch, cail, return, or 
break instruction is executed and during interrupt 
processing. At this time, the contents of the PC are the 
same as the prefetch pointer (PFP). 


Prefetch Pointer [PFP]. The prefetch pointer is a 
16-bit binary counter that contains the program seg- 
ment offset of the next instruction to be fetched for the 
instruction queue. Because instruction queue prefetch 
is independent of instruction execution, the contents 
of the PFP and PC are not always identical. The PFP is 
updated each time the bus interface unit (BIU) fetches 
an instruction for the instruction queue. The contents 
of the PFP are replaced whenever a branch, call, return 
or break instruction is executed and during interrupt 
processing. At this time, the contents of the PFP and 
PC are the same. 


Segment Registers [PS, SS, DS9, DS4]. The uPD70216 
memory address space is divided into 64K-byte logical 
segments. Amemory address is determined by the sum 


of a 20-bit base address (obtained from a segment | 


register) and a 16-bit offset known as the effective 
address (EA). I/O address space is not segmented and 
no segment register is used. The four segment registers 
are program segment (PS), stack segment (SS), data 
segment 0 (DSo), and data segment 1 (DS). The 
following table lists their offsets and overrides. 


Default 
Segment Register Offset Override 

PS PFP register None 

$s SP register None 

SS Effective address (BP-based) PS, DS, DS; 
DSo Effective address (non BP-based) PS, SS, DS, 
DSo IX register (1) PS, SS, DS; 
DS; IY register (2) None 


Note: 


(1) includes source block transfer, output, BCD string, and bit field 
extraction. 


(2) Includes destination block transfer, input, BCD string, and bit 
field insertion. 
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General-Purpose Registers. The uPD70216 CPU con- 
tains four 16-bit general-purpose registers (AW, BW, 
CW, DW), each of which can be used as a pair of 8-bit 
registers by dividing into upper and lower bytes (AH, 
AL, BH, BL, CH, CL, DH, DL). General purpose 
registers may also be specified implicitly in an in- 
struction. The implicit assignments are: 


AW Word multiplication/division, word I/O, 
data conversion 


AL Byte multiplication/division, byte 1/O, BCD 
rotation, data conversion, translation 


AH Byte multiplication/division 

BW Translation 

CW _ Loop control, repeat prefix 

CL Shift/rotate bit counts, BCD operations 

DW Word multiplication/division, indirect 
1/O addressing 


Pointer [SP, BP] and Index Registers [{IX, lY]. These 
registers serve as base pointers or index registers 
when accessing memory using one of the base, 
indexed, or base indexed addressing modes. Pointer. 
and index registers can also be used as operands for 
word data transfer, arithmetic, and logical instructions. 
These registers are implicitly selected by certain 
instructions as follows. 


SP Stack operations, interrupts 


IX Source block transfer, BCD string 
operations, bit field extraction 


lY Destination block transfer, BCD string 
operations, bit field insertion 
Program Status Word [PSW] 


The program status word consists of six status flags 
and four control flags. 


Status Flags Control Flags 

e V (Overflow) e MD (Mode) 

e S (Sign) e DIR (Direction) 

e Z (Zero) e IE (Interrupt Enable) 
e AC (Auxiliary Carry) e BRK (Break) 

e P (Parity) 


e CY (Carry) 
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When pushed onto the stack, the word image of the 
PSW is as follows: 


MD 1 1 1 Vv ODIR 


The status flags are set and cleared automatically 
depending upon the result of the previous instruction 
execution. Instructions are provided to set, clear, and 
compiement certain status and control flags. Other 
flags can be manipulated by using the POP PSW 
instruction. 


Between execution of the BRKEM and RETEM in- 
structions, the native mode RETI and POP PSW 
instructions can modify the MD bit. Care must be 
exercised by emulation mode programs to prevent 
inadvertent alteration of this bit. 


CPU Architectural Features 


The major architectural features of the 4PD70216 CPU 
are: 


e Dual data buses 

Effective address generator 
_Loop counter 

PC and PFP 


Dual Data Buses. To increase performance, dual data 
buses (figure 2) have been employed in the CPU to 
fetch operands in parallel and avoid the bottleneck ofa 
single bus. For two-operand instructions and effective 
address calculations, the dual data bus approach is 30 
percent faster than single-bus systems. 


Effective Address Generator. Effective address (EA) 
calculation requires only two clocks regardless of the 
addressing mode complexity due to the hardware 
effective address generator (figure 3). When compared 
with microprogrammed methods, the hardware ap- 
proach saves between 3 and 10 clock cycles during 
effective address calculation. 


Loop Counter and Shifters. A dedicated loop counter is 
used to count the iterations of block transfer and 
multiple shift instructions. This logic offers a significant 
performance advantage over architectures that control 
block transfers and multiple shifts using microprogram- 
ming. Dedicated shift registers also speed up the 
execution of the multiply and divide instructions. 
Compared with microprogrammed methods, multiply 
and divide instructions execute approximately four 
times faster. 
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Figure 2. Dual Data Buses 






Registers 








Temporary 
Registers/Shifters 














Main data bus 
83-003828B 


Sub data bus 






Figure 3. Effective Address Generator 


EA Generator 


Effective Address 


83-002737A 





Program Counter and Prefetch Pointer. The functions 
of instruction execution and queue prefetch are de- 
coupled in the uwPD70216. By avoiding asingle instruc- 
tion pointer and providing separate PC and PFP 
registers, the execution time of control transfers and 
the interrupt response latency can be minimized. 
Several clocks are saved by avoiding the need to 
readjust an instruction pointer to account for prefetch- 
ing before computing the new destination address. 
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Enhanced Instruction Set 


In addition to the wPD8086/88 instruction set, the 
uPD70216 has added the following enhanced instruct- 
ions. 


Instruction Function 

PUSH imm Push immediate data onto stack 
PUSH R Push all general registers onto stack 
POPR Pop all general registers from stack 
MUL imm Multiply register/memory by immediate data 
SHL imms Shift/rotate by immediate count 
SHR immés 

SHRA imm8 

ROL imm8 

ROR imm8 

ROLC imm8 

RORC immés 

CHKIND Check array index 


INM Input multiple 


OUTM Output multiple 
PREPARE Prepare new stack frame 
DISPOSE Dispose current stack frame 


Unique Instruction Set 


In addition to the uPD70216 enhanced instruction set, 
the following unique instructions are supported. 


Instruction Function 

INS Insert bit field 

EXT Extract bit field 

ADD4S BCD string addition 
SUB4S BCD string subtraction 
CMP4S BCD string comparison 
ROL4 Rotate BCD digit left 
ROR4 Rotate BCD digit right 
TEST1 Test bit 

SET1 Set bit 

CLR1 Clear bit 

NOT1 Complement bit 

REPC Repeat while carry set 
REPNC Repeat while carry cleared 
FP02 . ~ Floating point operation 2 


Bit Fields. Bit fields are data structures that range in 
length from 1 to 16 bits. Two separate operations on bit 
fields, insertion and extraction, with no restrictions on 
the position of the bit field in memory are supported. 
Separate segment, byte offset, and bit offset registers 
are used for bit field insertion and extraction. Because 
of their power and flexibility, these instructions are 
highly effective for graphics, high-level languages, and 
data packing/unpacking applications. 
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Insert bit field (INS) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the AW register to 
the bit field addressed by DS1:1Y:reg8 (figure 4). The 
bit field length can be located in any byte register or 
supplied as an immediate value. The value in reg8 is a 
bit field offset. A content of 0 selects bit 0 and 15 selects 
bit 15 of the word that DS0:IX points to. Following 
execution, the lY and bit offset register are updated to 
point to the start of the next bit field. 


Bit field extraction (EXT) copies the bit field of specified~ 
length (0 = 1 bit, 15 = 16 bits) from the bit field 
addressed by DS0:1X:reg8 to the AW register (figure 5). 
If the bit field is less than 16 bits, it is right justified with 
azero fill. The bit field length can be located in any byte 
register or supplied as immediate data. The value in 
reg8 is a bit field offset. A content of 0 selects bit 0 and 
15 selects bit 15 of the word that DS0:IX points ‘to. 
Following execution, the IX and bit offset register are 
updated to point to the start of the next bit field.’ 


Packed BCD Strings. These instructions are provided 
to efficiently manipulate packed BCD data as strings 
(length from 1 to 254 digits) or as a byte data type witha 
single instruction. 


BCD string arithmetic is supported by the ADD4S, 
SUB4S, and CMP4S instructions. These instructions 
allow the source string (addressed by DSO:1X) and the 
destination string (addressed by DS1:1Y) to be manip- 
ulated with a single instruction. When the number of 
BCD digits is even, the Z and CY flags are set according 
to the result of the operation. If the number of digits is 
odd, the Z flag will not be correctly set unless the upper 
4 bits of the result are zero. The CY flag will not be 
correctly set unless there is a carry out of the upper 4 
bits of the result. 


The two BCD rotate instructions (ROR4, ROL4) perform 
rotation of asingle BCD digit in the lower half of the AL 
register through the register or memory operand. 


Bit Manipulation. Four bit manipulation instructions 
have been added to the yPD70216 instruction set. The 
ability to test, set, clear, or complementasingle bitina 
register or memory operand increases code readability 
as well as performance over the logical operations 
traditionally used to manipulate bit data. 


Repeat Prefixes. Two repeat prefixes (REPC, REPNC). 
allow conditional block transfer instructions to use the 
state of the CY flag as a terminating condition. The use 
of these prefixes allows inequalities to be used when 
working on ordered data, increasing the Renionnence 
of searching and sorting algorithms. 
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Figure 4. Bit Field Insertion 








Bit length 





Figure 5. Bit Field Extraction. 


Bit length 
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>| 


Segment base (DS1) 
83-000106B 








Byte boundary 


Bit offset Byte offset (IX) 
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Floating Point Operation Instructions. Two floating 
point operation (FPO) instruction types are recognized 
by the yPD70216 CPU. These instructions are detected 
by the CPU, which performs any auxiliary processing 
such as effective address calculation and the initial bus 
cycle if specified by the instruction. It is the responsi- 
bility of the external coprocessor to latch the address 
information and data (if a read cycle) from the bus and 
complete the execution of the instruction. 


8080 Emulation Mode. The u.PD70216 CPU can operate 
in either of two modes; see figure 6. Native mode allows 
the execution of the vPD8086/88, enhanced and unique 
instructions. The other operating mode is 8080 emu- 
lation mode, which allows the entire w~PD8080AF 
instruction set to be executed. A mode (MD) flag is 
provided to distinguish between the two operating 
modes. Native mode is active when MD is 1 and 8080 
emulation mode is active when MD is 0. 


Two instructions are provided to switch from native to 
8080 emulation mode and return back. Break for 
emulation (BRKEM) operates similarly to a BRK 











Byte boundary 


Segment base (DSO) 


83-000107B 


instruction, except that after the PSW has been pushed 
on the native mode stack, the MD flag becomes 
write-enabled and is cleared. During 8080 emulation 
mode, the registers and flags of the 8080 are mapped 
onto the native mode registers and flags as shown 
below. Note that PS, SS, DSo, DS;, IX, IY, AH and the 
upper half of the PSW registers are inaccessible to 
8080 programs. 


During 8080 emulation mode, the BP register functions 
as the 8080 stack pointer. The use of separate stack 
pointers prevents inadvertent damage to the native 
mode stack pointer by emulation mode programs. 


The 8080 emulation mode PC is combined with the PS 
register to form the 20-bit physical address. All emu- 
lation mode data references use DSO as the segment 
register. For compatibility with older 8080 software 
these registers must be equal. By using different 
segment register contents, separate 64K-byte code 
and data spaces are possible. 
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uPD8080AF vPD70216 

Registers A/PSW AL/PSW (lower) 

B CH 

C CL 

D DH 

E DL 

H BH 

L BL 

SP BP 

PC PC 
Flags C CY 

Z Z 

$ S 

P P 

AC AC 


Either an NMI or maskable interrupt will cause the 8080 
emulation mode to be suspended. The CPU pushes the 
PS, PC, and PSW registers on the native mode stack, 
sets the MD bit (indicating native mode), and enters the 
specified interrupt handler. When the return from 
interrupt (RETI) instruction is executed, the PS, PC, 


Figure 6. uPD70216 Modes. 










Native Mode 
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and PSW (containing MD=0)-are popped from the 
native stack and execution in 8080 emulation mode 
continues. Reset will also force a return to native mode. 


The 8080 emulation mode programs also have the 
capability to invoke native mode interrupt handlers by 
means of the call native (CALLN) instruction. This 
instruction operates like the BRK instruction except 
that the saved PSW indicates 8080 emulation mode. 


To exit 8080 emulation mode, the return from emulation 
(RETEM) instruction pops the PS, PC, and PSW from 
the native mode stack, disables modification of the MD 
bit, and execution continues with the instruction follow- 
ing the BRKEM instruction. Nesting of 8080 emulation 
modes is prohibited. 


Interrupt Operation 


The wPD70216 supports anumber of.external interrupts 
and software exceptions. External interrupts are events 
asynchronous to program execution. On the other 
’ hand, exceptions always occur as a result of program 
execution. 


Bus Hold 


Standby Mode 


RESET, 
NMI, INT. 





INT {D1} 





_ Emulation Mode 


Bus Hold 
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The two types of external interrupts are: 


e Nonmaskable interrupt (NMI) 
e Maskable interrupt (INT) 


The six software exceptions are: 


Divide error (DIV, DIVU instructions) 

Array bound error (CHKIND instruction) 
Break on overflow (BRKV instruction) 
Break (BRK, BRK instructions) 

Single step (BRK bit in PSW set) 

Mode switch (BRKEM, CALLN instructions) 


Interrupt vectors are determined automatically for 
exceptions and the NMI interrupt or supplied by 
hardware for maskable interrupts. The 256 interrupt 
vectors are stored in a table (figure 7) located at 
address OOOOOH. Vectors 0 to 5 are predetermined and 
vectors 6 to 31 are reserved. Interrupt vectors 32 to 255 
are available for use by application software. 


Each vector is made up of two words. The word located 
at the lower address contains the new PC for the 
interrupt handler. The word at the next-higher address 
is the new PS value for the interrupt handler. These 
must be initialized by software at the start of a program. 


Nonmaskable interrupts and maskable interrupts (when 
enabled) are normally serviced following the execution 
of the current instruction. However, the following 
cases are exceptions to this rule and the occurrence of 
the interrupt will be delayed until after the execution of 
the next instruction. 


e Moves to/from segment registers 

e POLL instruction 

e Instruction prefixes 

e El instruction (maskable interrupts only) 





Another special case is the block transfer instructions. 
These instructions are interruptable and resumable, 
but because of the asynchronous operation of the BIU, 
the actual occurrence of the interrupt may be delayed 
up to three bus cycles later. 


Standby Mode 


The wPD70216 CPU has a low-power standby mode, 
which can dramatically reduce power consumption 
during idle periods. Standby mode is entered by simply 
executing a native or 8080 emulation HALT instruction; 
no external hardware is required. All other peripherals 
such as the timer/counter unit, refresh control unit, 
and DMA control unit continue to operate as pro- 
grammed. 
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During standby mode, the clock is distributed only to 
the circuits required to release the standby mode. 
When a RESET, NMI, or INT event is detected, the 
standby mode is released. Both NMI and unmasked 
interrupts are processed before control returns to the 
instruction following the HALT. In the case of the INT 
input being masked, execution will begin with the 
instruction immediately following the HALT instruction 
without an intervening interrupt acknowledge bus 
cycle. When maskable interrupts are again enabled, the 
interrupt will be serviced. 


Output signal states in the standby mode are listed 
below. 








Output Signal Status in Standby Mode 
INTAK, BUFEN, High level 

RD, MWR, lOWR 
IORD UBE 


BSp-BSg (Note 2) Sends halt status (011), 


then remains high (111) 


QS4-QSo, ASTB Low level 








BUSLOCK High level (low level if the 

: HALT instruction follows the 
BUSLOCK prefix) 

BUFR/W, High or low level 

Ai9-Aig/PS3-PSo, 

AD+5-ADp 

Note: 


(1) Output pin states during refresh and DMA bus cycles will be as 
defined for those operations. 


(2) Halt status is presented prior to entering the passive state. 


Figure 7. Interrupt Vector Table 








Divide Error 


Break Flag 
NMI Input 
r—- Dedicated 
BRK 3 Instruction 


BRKV instruction 


CHKIND instruction 





t— Reserved 


General Use 


a BRK imm8 Instruction 
®@ BRKEM Instruction 


@ INT Input [External] 
Vector 255 © CALLN Instruction 
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Clock Generator 


The clock generator (CG) generates a clock signal half 
the frequency of a parallel-resonant, fundamental 
mode crystal connected to pins X1 and X2. Figure 8 
shows the recommended circuit configuration. Capac- 
itors C1 and C2, required for frequency stability, are 
selected to match the crystal load capacitance. 


External clock sources are also accommodated as 
shown in figure 9. The CG distributes the clock to the 
CLKOUT pin and to each functional block of the 
uPD70216. The generated clock signal has a 50-percent 
duty cycle. 


Bus Interface Unit 


The bus interface unit (BIU) controls the external 
address, data, and control buses for the three internal 
bus masters: CPU, DMA control unit (DMAU), and 
refresh control unit (RCU). The BIU is also responsible 
for synchronization of the RESET and READY inputs 
with the clock. The synchronized reset signal is used 
internally by the 4PD70216 and provided externally at 
the RESOUT pin as a system-wide reset. The synch- 
ronized READY signal is combined with the output of 
the wait control unit (WCU) and is distributed internally 
to the CPU, DMAU, and RCU. Figure 10 shows the 
synchronization of RESET and READY. 


The BIU also has the capability of overlapping the 
execution of the next instruction with memory write 
bus cycles. There is no overlap of instruction execution 
with read or |/O write bus cycles. 








Figure 8. Crystal Configuration 
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Figure 9. External Oscillator Configuration 
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Figure 10. RESET/READY Synchronization 


RESOUT 


To internal 
circuit 


To internal 
circuit 
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Frequency Divider 0 
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CLOCK (to internal circuit) 


(CLKOUT) 
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Bus Arbitration Unit 


The bus arbitration unit (BAU) arbitrates the external 
address, data, and control buses between the internal 
CPU, DMAU, and RCU bus requesters and an external 
bus master. The BAU bus priorities from the highest 
priority requester to the lowest are: 


RCU (Demand mode) 
DMAU 

HLDRQ 

CPU 

RCU (Normal mode) 


Note that RCU requests the bus at either the highest or 
lowest priority depending on the status of the refresh 
request queue. Bus masters other than the CPU are 
prohibited from using the bus when the CPU is 
executing an instruction containing a BUSLOCK prefix. 
Therefore, caution should be exercised when using the 
BUSLOCK prefix with instructions having a long 
execution time. 


If a bus master with higher priority than the current bus 
master requests the bus, the BAU inactivates the 
current bus master’s acknowledge signal. When the 
BAU sees the bus request from the current master go 
inactive, the BAU gives control of the bus to the higher 
priority bus master. Whenever possible, the BAU per- 
forms bus switching between internal bus masters 
without the introduction of idle bus cycles, enhancing 
system throughput. 


System I/O Area 


The I/O address space from addresses FFOOH to 
FFFFH is reserved for use as the system |I/O area. 
Located in this area are the 12 wPD70216 registers that 


OPCN Register Format 


Figure 11. 





Interrupt Request Switch INT1 INT2 
a 
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determine the I/O addressing, enable/disable periph- 
erals, and contro! pin multiplexing. Byte I/O instruc- 
tions must be used to access the system I/O area. 











(/0 Address Register Operation 
FFFFH Reserved —_— 

FFFEH OPCN Read/Write 
FFFDH OPSEL Read/Write 
FFFCH OPHA Read/Write 
FFFBH DULA Read/Write 
FFFAH IULA Read/Write 
FFF9H TULA Read/Write 
FFF8H SULA Read/Write 
FFF7H Reserved _ 

FFF6H WCY2 Read/Write 
FFF5H WCY1 Read/Write 
FFF4H WMB Read/Write 
FFF3H Reserved — 

FFF2H RFC Read/Write 
FFFIH Reserved —_ 

FFFOH TCKS Read/Write 


On-Chip Peripheral Connection Register 


The on-chip peripheral connection (OPCN) register 
controls multiplexing of the wPD70216 multiplexed 
pins. Figure 11 shows the format of the OPCN register. 
The interrupt request switch (IRSW) field controls 
multiplexing of ICU interrupt inputs INT1 and INT2. 
The output of an internal peripheral or an external 
interrupt source can be selected as the INT1 and INT2 
inputs to the ICU. 


The pin function (PF) field in the OPCN selects one of 
four possible states for the DMARQ3/RxD, DMAAK3/ 
TxD, and INTAK/TOUT1/SRDY pins. Bit 0 of the 









INTP1 Pin| INTP2 Pin 
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OPCN controls the function of the INTAK/SRDY/ 
TOUT1 pin. If cleared, INTAK will appear on this 
output pin. If bit 0 is set, either TOUT1 or SRDY will 
appear at the output depending on the state of bit 1. If 
bit 1 is cleared, DMA channel 3 I/O signals will appear 
on the DMARQ3/RxD and DMAAK3/TxD pins. If the 
SCU is to be used, bit 1 of the PF field must be set. 








On-Chip Peripheral Selection Register 


The on-chip peripheral selection (OPSEL) register is 
used to enable or disable the yPD70216 internal periph- 
erals. Figure 12 shows the format of the OPSEL 
register. Any of the four (DMAU, TCU, ICU, SCU) 
peripherals can be independently enabled or disabled 
by setting or clearing the appropriate OPSEL bit. 


|. Figure 12. OPSEL Register Format 


Peripheral 

Selected Operation 

4 0 = Disabled 
1 = Enabled 
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Figure 13. 4PD70216 Peripheral Relocation 


64 K byte I/O space 
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Internal Peripheral Relocation Registers 


The five internal peripheral relocation registers (figure 
13) are used to fix the 1/O addresses of the DMAU, ICU, 
TCU,.and SCU. The on-chip peripheral high-address 
(OPHA) register is common to all four internal periph- 
erals and fixes the high-order byte of the 16-bit I/O 
address. The individual DMAU low-address (DULA) 
register, ICU low-address (IULA) register, TCU low- 
address (TULA) register, and the SCU low-address 
(SULA) register select the low-order byte of the I/O 
addresses for the DMAU, ICU, TCU, and SCU periph- 
erals. 


The contents of the OPHA register are: 
7 OPHA 0. 


Ais Aria Aig Ai2 Att Ato Ag Ag 


The formats for the individual internal peripheral re- 
gisters appear below. Since address checking is not 
performed, do not overlap two peripheral I/O address 


spaces. 
7 DULA 0 


Az Ag As Ag — = rar = 


7 IULA 0 
Az Ag Ag Ag Ag _ _ Ao 
7 TULA 0 
Az Ag As Ag A3 _ _— Ao 
7 SULA 0 
Az Ag As Ag Ag = _— Ao 


i eee ees 
VILL LL Seu /// //} 
bare eee 
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Figure 14. Timer Clock Selection Register 


7 6 5 4 3 2 1 0 
[T= [= Testfesi[esoy rs] 





Timer Clock Selection Register 


The timer clock selection (TCKS) register selects the 
clock source for each of the timer/counters as well as 
the divisor for the internal clock prescaler. Figure 14 
shows the format of the TCKS register. The clock 
source for each timer/counter is independently select- 
ed from either the prescaled internal CPU clock or from 
an external clock source (TCLK). The internal clock is 
derived from the CLKOUT signal and can be divided by 
2, 4, 8, or 16 before being presented to the clock select 
logic. 


Refresh Control Unit 


The refresh control unit (RCU) refreshes external 
dynamic RAM devices by outputting an 8-bit row 
address on address lines Ag-A; and performing a 
word-aligned memory read bus cycle. Both UBE and 
Ag are asserted to allow the refresh of both the even 
and odd memory banks. External logic can distinguish 
a refresh bus cycle by monitoring the refresh request 
(REFRQ) pin. Following each refresh bus cycle, the 
refresh row counter is incremented. The refresh control 
(RFC) register in the system !/O area contains two 
fields. The refresh enable field enables or disables the 
refreshing function. The refresh timer (RTM) field 
selects a refresh interval to match the dynamic memory 
refresh requirements. Figure 15 shows the format for 
the RFC register. 


To minimize the impact of refresh on the system bus 
bandwidth, the wPD70216 utilizes a refresh request 
queue to store refresh requests and perform refresh 
bus cycles in otherwise idle bus cycles. 


The RCU normally requests the bus as the lowest- 
priority bus requester (normal mode). However, if 
seven refresh requests are allowed to accumulate in 
the RCU refresh request queue, the RCU will change to 
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Internal Clock 
Prescale Select Prescaled by: 


aes eee ee 
Clock Selection 
for TCTn 


[| “internat coe 
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the highest-priority bus requester (demand mode). Eri 


The RCU will then perform back-to-back refresh cycles 
until three requests remain in the queue. This guar- 
antees the integrity of the DRAM system while maximiz- 
ing performance. 


The refresh count interval can be calculated as follows: 
Refresh interval = 8 x N x tcyx 


where N is the timer factor selected by the RTM 
field. 


When the wPD70216 is reset, the RE field in the RFC 
register is unaffected and the RTM field is set to 01000 
(N = 9). No refresh bus cycles occur while RESET is 
asserted. 


Figure 15. Refresh Control Register 


Refresh Enable 


| 0 ~—_‘[ Disables Refresh 
Enables Refresh 
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Wait Control Unit 


The wait control unit (WCU) inserts from zero to three 


wait states into a bus cycle in order to compensate for _ 


the varying access times of memory and I/O devices. 
The number of wait states for CPU, DMAU, and RCU 
bus cycles is separately programmable. In addition, 
the memory address space is divided into three in- 
dependent partitions to accommodate a wide range of 
system designs. RESET initializes the WCU to insert 
three wait states in all bus cycles. This allows operation 
with slow memory and peripheral devices before the 
initialization of the WCU registers. _ . 





The three system I/O area registers that control the 
WCU are wait cycle 1 (WCY1), wait cycle 2 (WCY2), 
and wait state memory boundary (WMB). The WCU 
always inserts wait states corresponding to the wait 
count programmed in WCY1 or WCY2 registers into a 
bus cycle, regardless of the state of the external 
READY input. After the programmed number of wait 
states occurs, the WCU will insert Tw states as long as 
the READY pin remains inactive. When READY is again 
asserted, the bus cycle continues with T4 as the next 
cycle. The ~PD70216 interna! peripherals never require 
wait states; four clock cycles will terminate an internal 
peripheral bus cycle. | 


Figure 16. Wait State Memory Boundary Register 
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CPU Wait States 


The WMB register divides the 1M-byte memory address 
space into three independent partitions: lower, middle, 
and upper. Figure 16-shows the WMB register format. 


Initialization software can then set the number of wait 
states for each memory partition and the I/O partition 
via the WCY1 register (figure 17). 


DMA and Refresh Wait States 


The WCY2 register (figure 18) specifies the number of 
wait states to be automatically inserted in DMA and 
refresh bus cycles. 


DMA and Refresh Wait States 


The WCY2 register (figure 18) specifies the number of 
wait states to be automatically inserted in DMA and 
refresh bus cycles. DMA wait states must be set to the 
maximum of the DMA memory and 1/O partitions. 
Refresh wait states should be set to the maximum value 
of all DRAM memory partitions. 


Lower Memory Block Size [1] . 
Upper Memory Block Size Memory Block: Size(s6) 


FFFFFH ” 
Upper Memory Block Specified by the UMB Field 


Middle Memory Block 


Lower Memory Block \ specitied by the LMB Field 
00000H 


Note: 


{1] By default, the address space remaining between the UBM and LBM is the 


_middle memory block. 
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Figure 17. Wait Cycle 1 Register © 


Upper Memory Block Wait States 
VO Wait States 
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Timer/Counter Unit 


The timer/counter unit (TCU) provides a set. of three 
independent 16-bit timer/counters. The output signal 
of timer/counter 0 is hardwired internally as an interrupt 
source. The output of timer/counter 1 is available 
internally as an interrupt source, used as a baud rate 
generator, or used as an external output. The timer/ 
counter 2 output is available as an external output. Due 
to mode restrictions, the TCU is a subset of the 


Figure 19. TCU Block Diagram 


TCLK (EXT) 


Prescaler 





CLOCK 
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Figure 18. Wait Cycle 2 Register 


Refresh Wait States Number of 
DMA Wait States Wait States 
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uPD71054 Programmable Timer/Counter. Figure 19 
shows the internal block diagram of the TCU. 


The TCU has the following features: 


Three 16-bit timer/counters 

Six programmable count modes 
Binary/BCD counting 

Multiple latch command 
Choice of two clock sources 


TCTLO=High 
TOUTO (to ICU) 


TCTL1=High 
TOUT! (EXT) 


TCTL2 (EXT) 
| TouT2 (EXT) 


To ICU/SCU 


Control | contr tegic | 


Status 
Register 


TMD 
(Mode 
Register) 


= fet (8) 


Goon 
Register 


H(6) | ! wa 
Cou 


Internal Data Bus 
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Because RESET leaves the TCU in an uninitialized 
state, each timer/counter must be initialized by 
specifying an operating mode and a count. Once 
‘programmed, a timer/counter will continue to operate 
in that mode until another mode is selected. When the 
count has been written to the counter and transferred 
to the down counter, a new count operation starts. 
Both the current count and the counter status can be 
read while count operations are in progress. 


TCU Commands 


The TCU is programmed by issuing I/O instructions to 
the I/O port addresses programmed in the OPHA and 
TULA registers. The individual TCU registers are 
selected by address bits Ap and A; as follows. 


Ag Ay Register Operation 

0 0 TCTO Read/Write 
TSTO Read 

0 1 TCT1 Read/Write 
TST1 Read 

1 0 . TCT2 Read/Write 
TST2 Read 

1 1 TMD Write 


The timer mode (TMD) register selects the operating 
mode for each timer/counter and issues the latch 
command for one or more timer/counters. Figure 20 
shows the format for the TMD register. 


Writes to the timer/counter 2-0 (TCT2-TCT0) registers 
stores the new count in the appropriate timer/counter. 
The count latch command is used before reading 
count data in order to latch the current count and 
prevent inaccuracies. 


The timer status 2-0 (TST2-TSTO) registers contain 
status information for the specified counter (figure 21). 
The latch command is used to latch the appropriate 


counter status before reading status information. If 


both status and counter data are latched for a counter, 
the first read operation returns the status data and 
subsequent read operations obtain the count data. 


Count Modes 


There are six programmable timer/counter modes. The 
timing waveforms for these modes are in figure 22. . 


Mode 0 {Interrupt on End of Count]. In this mode, 
TOUT changes from the low to high level when the 
specified count is reached. This mode is available on 
all timer/counters. 
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Mode 1 [Retriggerable One-shot]. In mode 1, a low- 
level one-shot pulse, triggered by TCTL2 is output 
from the TOUT2 pin. This mode is available only on 
timer/counter 2. 


Mode 2 [Rate Generator]. In mode 2, TOUT cyclically 
goes low for one clock period. when the counter 
reaches the 0001H count. A counter in this mode 
operates as a frequency divider. All timer/counters can 
operate using mode 2. 


Mode 3 [Square Wave Generator]. Mode 3 is a frequency 


‘divider similar to mode 2, but the output has a sym- 


metrical duty cycle. This mode is available on all three 
timer/counters. 


Mode 4 [Software Triggered Strobe]. In mode 4, when 
the specified count is reached, TOUT goes low for the 
duration of one clock pulse. Mode 4 is available on all 
timer/counters. 


Mode 5 [Hardware Triggered Strobe]. Mode 5 is similar 
to mode 4 except that operation is triggered by the 
TCTL2 input and can be retriggered. This mode is 
available only on timer/counter 2. 


Serial Control Unit 


The serial control unit (SCU) is a single asynchronous 
serial channel that performs serial communication 
between the wPD70216 and an external serial device. 
The SCU is similar to the v~PD71051 Serial Control Unit 
except for the lack of synchronous communication 
protocols. Figure 23 is the block diagram of the 
SCU. 


The SCU has the following features. 


Full-duplex asynchronous serial controller 

Clock rate divisor (x16, x64) 

Baud rates to 250 kb/s supported 

7-, 8-bit character lengths 

1-, 2-bit stop bit lengths 

Break transmission and detection 

Full-duplex, double-buffered transmitter/receiver 
Even, odd, or no parity 

Parity, overrun, and framing error detection 
Receiver-full/transmitter-empty interrupt 


The SCU contains four separately addressable registers 
for reading/writing data, reading status, and control- 
ling operation of the SCU. The serial receive buffer 
(SRB) and the serial transmit buffer (STB) store the 
incoming and outgoing character data. The serial 
status (SST) register allows software to determine the 
current state of both the transmitter and receiver. The 
serial command (SCM) and serial mode (SMD) registers 
determine the operating mode of the SCU while the— 
serial interrupt mask (SIMK) register allows software 
control of the SCU receive and transmit interrupts. 
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Figure 20. Timer Mode Register 
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Figure 21. TCU Status Register 


Indicates the current mode setting. 
The meaning of each field is the same 
as that of the TMD register. 
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Figure 22. TCU Waveforms (Sheet 1 of 3) 
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Figure 22. TCU Waveforms (Sheet 2 of 3) 
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Figure 22. TCU Waveforms (Sheet 3 of 3) 


Count Value | n | n-1 | 0004H | 0003H | 0002H | 0001H | 0O00H | FFFFH | FrFEH | FFFDH| FFFCH 


aaa LB=4 
1OWR 


TCTL 


TOUT : 
Count Value | n | n-1 | 0004H | oooh | 0004H | 0003H | 0002H | 0001H | OO00H | FFFFH | FFFEH 


ae LB=5 
1OWR 


TOUT 


| n | n-1 | 0005H | 0004H | 0003H | 0002H | 0003H | 0002H | 0001H | O000H | FFFFH 


CLK 


1OWR 


TCTL2 


TOUT2 


Count Value 


- Count Value | n | n-1 | o004H | oo03H | oo02H | ooo1H | 0000H | FFFFH|FFFEH | oo03H | ooozH 


83-001855B 





44 


NEC 


Figure 23. SCU Block Diagram 
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While the RxD pin is high, the receiver is in an idle state. . 
A transition on RxD from high to low indicates the start 
of new serial data. When a complete character 
has been received, it is transferred to the SRB; the 
receive buffer ready (RBRDY) bit in the SST register is 
set and (if unmasked) an interrupt is generated. The 
SST also latches any parity, overrun, or framing errors 
at this time. 
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Receiver Operation 


The receiver detects a break condition when a null 
character with zero parity is received. The BRK bit is 
set for as long as the subsequent receive data is low 
and resets when RxD returns to a high level. The MRDY 
bit (SCM) and RBRDY (SST) are gated to form the 
output SRDY. SRDY prevents overruns from occurring 
when the program is unable to process the input data. 
Software can control MRDY to prevent data from being 
sent from the remote transmitter while RBRDY can 
prevent the immediate overrun of a received character. 


Transmitter Operation 


TxD is kept high while the STB register is empty. When 
the transmitter is enabled and.a character is written to 
the STB register, the data is converted to serial format 
and output on the TxD pin. The start bit indicates the 
start of the transmission and is followed by the character 


Receiver (Including 


| Transmitter z 


(Including Transmit 


Generation Logic 


Interrupt 
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stream (LSB to MSB) and an optional parity bit. One or 
two stop bits are then appended, depending on the 
programmed mode. When the character has been 
transferred from the STB, the TRBDY bit in the SST is 
set and if unmasked, a transmit buffer empty interrupt 
is generated. 


Serial data can be transmitted and received by polling 
the SST register and checking the TBRDY or RBRDY 
flags. Data can also-be transmitted and received by 
SCU-generated interrupts to the interrupt control unit. 
The SCU generates an interrupt in either of these 
conditions: 


(1) The receiver is enabled, the SRB is full, and receive 
interrupts are unmasked. 


(2) The transmitter is enabled, the STB is empty, and 
transmit interrupts are unmasked. 
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SCU Registers and Commands 


I/O instructions to the I/O addresses selected by the 
OPHA and SULA registers are used to read/write the 
SCU registers. Address bits A; and Ag and the read/ 
write lines select one of the six internal registers as 
follows: 


ho Ay Register Operation 
0 0 SRB Read 
STB Write 
0 1 SST Read 
SCM Write 
1 0 SMD Write 
1 1 SIMK Read/write 


_ The SRB and STB are 8-bit registers. When the 
' character length is 7 bits, the lower 7 bits of the SRB 
register are valid and bit 7 is cleared to 0. If programmed 
for 7-bit characters, bit 7 of the STB is ignored. 


The SST register (figure 24) contains the status of the 
transmit and receive data buffers and the error flags. 
Error flags are persistent. Once an error flag is set, it 
remains set untiJ a clear error flags command is issued. 


Figure 24. SST Register 
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Figure 25 shows the SCM and SMD registers. The SCM 
register stores the command word that controls 
transmission, reception, error flag reset, break trans- 
mission, and the state of the SRDY pin. The SMD 
register stores the mode word that determines serial 
characteristics such as baud rate divisor, parity, char- 
acter length, and stop bit length. 





Initialization software should first program the SMD 
register followed by the SCM register. Unlike the 
uPD71051, the SMD register can be modified at any 
time without resetting the SCU. 


The SIMK register (figure 26) controls the occurrence 
of RBRDY and TBRDY interrupts. When an interrupt is 
masked, it is prevented from propagating to the inter- 
rupt control unit. 


Baud Rate Generator 


Timer/counter 1 is used as the baud rate generator 
when the SCU is enabled. The input baud rate clock is 
scaled by 16 or 64, as selected in the SMD register, to 
determine the receive/transmit data clock. There are 
no restrictions on the SCU input baud rate clock other 
than operating the TCU in mode 3 with a square-wave 
output. 


7 6 5 4 3 2 1 0 
sst{_1 _[exo{ re [ove] Pe | 1 [RBroy| TeRDY| 
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Transmit Buffer Ready 
POC SB Ful 
Lt STB Empty 
Receive Buffer Ready 
| | SRB Empty 
Parity Error 
Pt ___] Error Occurred | 
Tt Error Occurred _| 
P+ | Ewer Occurred | 
| 
| Normal Reception 
Pt +d Break Detected 
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Figure 25. SCM and SMD Registers 


SCM Register 
7 6 5 4 3 2 1 0 
sew [— | — [Maby] ect [sank] re] — [Te] 


Transmitter Enabled Operation 
Transmitter Disable 
Transmitter Enabled 
Receiver Enabled Operation 
Receiver Disabled 
Receiver Enabled 
Send Break Operation 
Normal Operation 


TxD = 0 (Break) 





Error Clear Operation 
No Operation 


Error Flag Clear 





o 


Mask Ready 
DY = 1 (Mask) 


rmal Operation of 
SRDY Output 


a 
o}m 
< 


z 
3 


MRDY 


SMD Register 
7 6 5 4 3 2 1 0 


Baud Rate Factor Operation 
RTCLK Frequency + 16 
RTCLK Frequency = 64 
Character Length Operation 
Illegal 

7 Bit Characters 
8 Bit Characters 
Parity Select Operation 
No Parity 

Odd Parity 


Stop Bit Length Operation 
illegal 
1 Stop Bit 


2 Stop Bits 


= 
i=] 
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Figure 26. SIMK Register 
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interrupt Control Unit 


The interrupt control unit (ICU) is a programmable 
_ interrupt controller equivalent to the wPD71059. The 
ICU arbitrates up to eight interrupt inputs, generates a 
CPU interrupt request, and outputs the interrupt vector 
number on the internal data bus during an interrupt 
acknowledge cycle. Cascading up to seven external 
slave uPD71059s permits the wPD70216 to support up 
to 56interrupt sources. Figure 27 is the block diagram 
for the ICU. 


Figure 27. ICU Block Diagram 


NEC 


The ICU has the following features. 


e Eight interrupt request inputs 

e Cascadable with uPD71059 Interrupt Controllers 

e Programmable edge- or level-triggered interrupts 
(TCU, edge-triggered interrupts only) 

e Individually maskable interrupt requests 

e Programmable interrupt request priority 

e Polling mode 


ICU Registers 


Use I/O instructions to the I/O addresses selected by 
the OPHA and IULA registers to read from and write to 
the ICU registers. Address bit Ay and the command 
word selects an !CU internal register. 











A; Other Condition Operation 
Read 0 — IMD selects IRQ CPU <— IRQ data 

0 IMD selects IIS CPU <= IIS data 

0 Polling phase CPU < Polling data 

1 _— CPU <— IMKW 
Write 0 D4=1 CPU — IIW1 

0 D4=O0and D3=0 CPU — |PFW 

0 D4=0andD3=1 CPU — IMDW 

1 During initialization CPU — IlW2 

1 CPU — i/W3 

1 CPU — IIW4 

1 After initialization CPU — IMKW 
Note: 


(1) In polling phase, polling data has priority over the contents of 
the IRQ or IIS register when read. 















Initialize and 
Command Word 
Register Group 






Read/Write 
Control 



















SAo ——»o ADg 
Slave Control SA, | ave| —o ADg 


SA2 —+o ADio 


INTAK (from CPU) 
INT (to CPU) 
TOUTO (from TCU) 
SINT (from SCU) 
TOUT! (from TCU) 
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Priority EZ 
ae ‘Determination K __| 
Logic 
Interrupt 
Request 


Register 
(IRQ) 

















in- 

service 

Register 
(IIS) 





INT 4—-—— INTP, ; External Pins 












~ Interrupt INTs —-————oINTP 

oaiah INT s-————oINTPg 
egister 

(iMK) INT 7——-— INTP7 





Internal Data Bus Lower 8 Bits 
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Initializing the ICU 


The ICU is always used to service maskable interrupts 
in a wPD70216 system. Prior to accepting maskable 
interrupts, the |CU must first be initialized (figure 28). 
Following initialization, command words from the CPU 
can change the interrupt request priorities, mask/un- 
mask interrupt requests, and select the polling mode. 
Figures 29 and 30 list the ICU initialization and com- 
mand words. 


Interrupt initialization words 1-4 (IIW1-IIW4) initialize 
the ICU, indicate whether external uwPD71059s are 
connected as slaves, select the base interrupt vector, 
and select edge- or level-triggered inputs for INT1- 
INT7. Interrupt sources from the TCU are fixed as 
edge-triggering. INTO is internally connected to 
TOUTO, and INT2 may be connected to TOUT1 by the 
IRSW field in the OPCN. 


The interrupt mask word (IMKW) contains program- 
mable mask bits for each of the eight interrupt inputs. 
The interrupt priority and finish word (IPFW) is used by 
the interrupt handler to terminate processing of an 
interrupt or change interrupt priorities. The interrupt 
mode word (IMDW) selects the polling register, inter- 
rupt request (IRQ) or interrupt in service (IIS) register, 
and the nesting mode. 


The initialization words are written in consecutive 
order starting with IIW1. I[W2 sets the interrupt vector. 
IIW3 specifies which interrupts are connected to slaves. 
IIW3 is only required in extended systems. The ICU will 
only expect to receive IIW3 if SNGL=0 (bit D; of IIW1). 
IIW4 is only written if 114 = 1 (bit Do of IIW1). 


uPD71059 Cascade Connection 


To increase the number of maskable interrupts, up to 
seven slave uwPD71059 Interrupt Controllers can be 
cascaded. During cascade operation (figure 31), each 


Figure 28. Initialization Sequence 


Bits SNGL and II4 are set. 


The default initialization 
Aim, 008) Lie performed. 


SNGL=0, Il4=1 


Initialization 
Completed 
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slave uwPD71059 INT output. is routed to one of. the 
uPD70216 INTP inputs. During the second interrupt 
acknowledge bus cycle, the ICU places the slave 
address on address lines ADj9-ADg. Each slave com- 
pares this address with the slave address programmed 
using interrupt initialization word 3 (IIW3). If the same, 
the slave will place the interrupt vector on pins AD7- 
ADg during the second interrupt acknowledge bus 
cycle. 


Figure 29. Interrupt Initialization Words 1-4 


D5 D4 03 D2 _ Ot DO 


D7 D6 
wit C-T-T- Tt [ev] — Jena] a] 


liW4 Not Required 
IW4 Required 


Extended Mode (Slave Controllers) 
Single Mode (No Slave Controllers) 


Nw2 


Higher 5 bits of interrupt 
vector number 


Slave Connection 
Status 
INTn is not a slave 
input 


1INTn is a slave input 


Lo fo jextny — | — [sri] 1 | 


Self Finish . 
ia co Fl Command Mode 
| 1 __| Self Finish Mode 


External 
Nesting Mode 
|__| Normal Nesting 
Extended Nesting 
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Figure 30. Command Words 





Rotate Priority 


Specify Interrupt 
Finish Interru 
Commands 
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D7 Dg Ds Dg Dg Do Dy Do 


[Mz] Me | Ms] Ma | Ma | M2] Mr | Mo | 


Interrupt Request Mask 
9 [Nr not Meskod 
Pt INT Masked 

D7 De Os D4 D3 Do Dy 


ew LRP} sit Fi} o | o |n2] ut {io| 


Normal Fl Command 


No Rotation 


Specification | Rotation 


No Rotation 


Normal Rotation 
Fl Command 


FI Command 
for Specification 
Rotation Specified Bit 


Rotation Fl Command 


Level, Specification 


pt No Operation 


Specified Bit 
Rotation Command 





No Rotation 


No Rotation 


Self Fi Mode 
Rotation Reset 


Self Fl Mode 
Rotation Set 


No Level 
Specification 


No Operation 


IRQ Selection 


pts Selection 


Select Register | in-Service/Request Register | Read Register Selection 
to Read Select 


Polling Mode Polling 
No Operation 
Polling Command 


Exceptional 
Nesting Mode 
| = No Operation 
re eee Exceptional Nesting Mode Release 


aa eae Exceptional Nesting Mode Set 


Set Nesting Nesting Mode 2 


Mode 
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Figure 31. uPD71059 Cascade Connection 


LA - Latched Area 
$A10-SAg - Buffered Slave Address 


DMA Control Unit 


The DMA Control Unit (DMAU) is a high-speed DMA 
controller compatible with the wPD71071 DMA Con- 
troller. The DMAU has four independent DMA channels 
and performs high-speed data transfers between 
memory and external peripheral devices at speeds as 


high as 4 megabytes/second in an 8-MHz system. 


Figure 32 is the block diagram for the DMAU. 
The DMAU has the following features. 


Four independent DMA channels 
Cascade mode for slave “PD71071 DMA controllers 
20-bit address registers 

16-bit transfer count registers 

Single, demand, and block transfer modes 
Bus release and bus hold modes 
Autoinitialization 

Address increment/decrement 
Fixed/rotating channel priorities 

TC output at transfer end es 
Forced termination of service by END input 


DMAU Basic Operation 


The DMAU operates in either a slave or master mode. 
In the slave mode, the DMAU samples the four DMARQ 
input pins every clock. If one or more inputs are active, 
the corresponding DMA request bits are set and the 
DMAU sends a bus request to the BAU while continuing 
to sample the DMA request inputs. After the BAU 
returns the DMA bus acknowledge signal, the DMAU 
stops DMA request sampling, selects the DMA channel 
with the highest priority, and enters the bus master 
mode to perform the DMA transfer. While in the bus 
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master mode, the DMAU controls the external bus and 
performs DMA transfers based onthe preprogrammed 
channel information. 


Terminal Count 


The DMAU ends DMA service when the terminal count 
condition is generated or when the END input is 
asserted. A terminal count (TC) is produced when the 
contents of the current count register becomes zero. If 
autoinitialization is not enabled when DMA service 
terminates, the mask bit of the channel is set and the 
DMARQ input of that channel is masked. Otherwise, 
the current count and address registers are reloaded 
from the base registers and new DMA transfers are 
again enabled. 


DMA Transfer Type 


The type of transfer the DMAU performs depends on 
the following conditions. . 


e Direction of the transfer (each channel) 
e Transfer mode (each channel) 
e Bus mode 


Transfer Direction 


All DMA transfers use memory as a reference point. 
Therefore, a DMA read operation transfers data from 
memory to an 1!/O port. A DMA write operation reads an 
I/O port and writes the data into memory. During 
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Figure 32. DMAU Block Diagram 


Address Incrementer! 


DMAU Address Bus (20 Decrementer 


Internal Address Bus (20) 
Internal Bus 
Interface 


Current Address (20x4) 
Base Address (20x4) 


Address 
Register 


Internal Data Bus Control Register Group 


Channel (4) 
Device Control (10) 


Status (8) 


Mode Control (7x4) 


Internal Controi Bus 


BUSRQ 


~ BUSAK , DMAU Data Bus 


Count 
Register 


Base Count (16x4) 


DMARQ3-0 


Priority Control 


Terminal Count 





Current Count (16x4) 


Count 
Decrementer (16) 
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memory-to-i/O transfer, the DMA mode (DMD) register Figure 33. Bus Modes 


is used to select the transfer directions for each 
channel and activate the appropriate control signals. 


Operation Transfer Direction Activated Signals 

DMA read Memory — 1/0 lOWR, MRD 

DMA write 1/0 — Memory iORD, MWR 

DMA verify Addresses only; no transfer 
performed 

Bus Mode 


The DMA device control (DDC) register selects oper- 
ation in either the bus release or bus hold mode. The 
selected bus mode determines the DMAU conditions 
for return of the bus to the BAU. Figure 33 shows that in 
bus release mode, only a single channel is serviced 
after the DMAU obtains the bus. When DMA service 
ends (termination conditions depend on the transfer 
mode), the DMAU returns the bus to the BAU regardless 
of the state of other DMA requests, and the DMAU 
reenters the slave mode. When the DMAU regains use 
of the bus, a new DMA operation can begin. 


In bus hold mode, several channels can receive con- 
tiguous service without releasing the bus. If there is 
another valid DMA request when a channel’s DMA 
service is finished, the new DMA service can begin 
immediately after the previous service without return- 
ing the bus to the BAU. 
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Bus Release Mode 


Right to Use 
Service DMAU 


Channel CHO CH1i CH2 CH3 


Bus Hold Mode 


Right to Use 
Bus -CPU | 


Service DMAU 


Channe! -CHO ; CH1!CH2!CH3 
1 
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Transfer Modes 


The DMD register also selects either single, demand, 
or block transfer mode for each channel. The conditions 
for the termination of each transfer characterize each 
transfer mode. The following table shows the various 
transfer modes and termination conditions. 


Transfer Mode Termination Conditions 


Single After each byte/word transfer 


END input 

Terminal count 

Inactive DMARQ) 

DMAROQ of a higher priority channel 
becomes active (bus hold mode) 

END input 

Terminal count 


Demand 


Block. 
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The operation of single, demand, and block mode 
transfers depends on whether the DMAU is in bus 
release or bus hold mode. Figure 34 shows the oper- 
ation flow for the six possible transfer and bus mode 
operations in DMA transfer. 


Single Mode Transfer. In bus release mode, when a 
channel completes transfer of a single byte or word, 
the DMAU enters the slave mode regardless of the state 
of DMA request inputs. In this manner, other lower- 
priority bus masters will be able to access the bus. 


in bus hold mode, when a channel completes transfer 
of a single byte or word, the DMAU terminates the 
channel’s service even if the DMARQ request signal is 
asserted. The DMAU will then service any other 
requesting channel. If there are no requests from any 
other DMA channels, the DMAU releases the bus and 
enters the slave state. 


Demand Mode Transfer. In bus release mode, the 
currently active channel continues to transfer data as 
long as the DMA request of that channel is active, even 
though other DMA channels are issuing higher-priority 
requests. When the DMA request of the serviced 
channel becomes inactive, the DMAU releases the bus 
and enters the slave state. 


In bus hold mode, when the active channel completes a 
single transfer, the DMAU checks the other DMA 
request lines without ending the current service. If 
there is a higher-priority. DMA request, the DMAU 
stops the service of the current channel and starts 
servicing the highest-priority channel requesting serv- 
ice. If there is no higher request than the current one, 
the DMAU continues to service the currently active 
channel. Lower-priority DMA requests are honored 
without releasing the bus after the current channel 
service is complete. 


Block Mode Transfer. in bus release mode, the current 
channel continues DMA transfers until a terminal 
count or the external END input becomes active. 
During this time, the DMAU ignores all other DMA 
requests. After completion of the block transfer, the 
DMALU releases the bus and enters the slave state, even 
if DMA requests from other channels are active. 


In bus hold mode, the current channel transfers data 
until an internal or external END signal becomes 
active. When the service is complete, the DMAU 
checks all DMA requests without releasing the bus. If 
there is an active request, the DMAU immediately 
begins servicing the request. The DMAU releases the 
bus after it honors all DMA requests ora higher-priority 
bus master requests the bus. 
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Byte/Word Transfer 


The DMD register can specify DMA transfers in byte or 
word units for each channel. Addresses and count 
registers are updated as follows during byte/word 
transfers. 


Byte Transfer Word Transfer 
Address register +1 +2 
Count register —1 —1 


During word transfers, two bytes starting at an even 
address are handled as a single word. If the starting 
address is odd, a DMA transfer is started after first 
decrementing the address by 1. For this reason, always 
select even addresses. The Ag and UBE outputs 
control byte and word DMA transfers. The following 
shows the relationship between the data bus width, 
Ao and UBE signals, and data bus status. 


Ag UBE Data Bus Status 
0 1 D7-Do valid 

1 0 D45-Dg valid 

0 0 D45-Dpo valid 


Autoinitialize 

When the DMD register selects autoinitialize for a 
channel, the DMAU automatically reinitializes the ad- 
dress and count registers when END is asserted or the 
terminal count condition is reached. The contents of 
the base address and base count registers are transfer- 
red to the current address and current count registers, 
and the applicable bit of the mask register remains 
cleared. 


Channel Priority 


Each of the four DMAU channels is assigned a priority. 
When multiple DMA requests from several channels 
occur simultaneously, the channel with the highest 
priority will be serviced first. The DDC register selects 
one of two priority schemes: fixed or rotating (figure 
35). In fixed priority, channel 0 is assigned the highest 
priority and channel 3, the iowest. In rotating priority, 
priority order is rotated after each service so that the 
channel last serviced receives the lowest priority. This 
method prevents the exclusive servicing of higher- 
priority channels and the lockout of lower-priority 
DMA channels. 
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Figure 34. Transfer Modes 
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Cascade Connection 


Slave uPD71071 DMA Controllers can be cascaded to 
easily expand the system DMA channel capacity to 16 
DMA channels. Figure 36 shows an example of cascade 
connection. During cascade operation, the DMAU acts 
as a mediator between the BAU and the slave 
»#PD71071s. During DMA cascade mode operation, itis 
the responsibility of external logic to isolate the cascade 
bus master from the uPD70216 control outputs. These 
outputs are listed in a table at the front of this data 
sheet. 


Figure 35. Priority Order 





Fixed Priority Highest 


Highest 
Lowest 


Lowest _ 


Figure 36. «PD71071 Cascade Example 


DMAAK 


Cascade 


Channel 
DMARQ 


DMAU 
(Master) 
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The DMAU always operates in the bus hold mode while’ 
a cascade channel is in service, even when the bus 
release mode is programmed. Other DMA requests are 
held pending while a slave u4PD71071 channel is in 
service. When the cascaded ~PD71071 ends service 
and moves into the slave state, the DMAU also moves 
to the slave state and releases the bus. At this time, all 
bits of the DMAU request register are cleared. The 
DMAU continues to operate normally with the other 
noncascaded channels. 





Rotating Priority 


CH1 Service 
-——— 
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Bus Waiting Operation 


The DMAU will automatically perform a bus waiting 
operation (figure 37) whenever the RCU refresh request 
queue fills. When the DMA bus acknowledge goes 
inactive, the DMAU enters the bus waiting mode and 
inactivates the DMA bus request signal. Control of the 
bus is then transferred to the higher-priority RCU by 
the BAU. , 


Two clocks later, the DMAU reasserts its internal DMA 
bus request. The bus waiting mode is continued until 
the DMA bus acknowledge signal again becomes 
active and the interrupted DMA service is immediately 
restarted. 


Programming the DMAU 


. TO prepare a channel for DMA transfer, the following 
_ characteristics must be programmed. 


Starting address for the transfer 
Transfer count 

DMA operating mode 

Transfer size (byte/word) 


The contents of the OPHA and DULA registers deter- 
mine the base I/O port address of the DMAU. Addresses 
A3-Ag are used to select a particular register as follow: 


Ag Ap Ay Ag Register Operation 

0 0 0 0 DICM Write 

0 0 0 1 DCH Read/Write 

0 0 1 0 DBC/DCC (low) Read/Write 
0 0 1 1 DBC/DCC (high) Read/Write 

0 1 0 0 DBA/DCA (low) Read/Write 

0 1 0 1 DBA/DCA (high) Read/Write 
0 1 1 0 DBA/DCA (upper) Read/Write 

0 1 1 1 Reserved — 

1 0 0 0 DOC (low) Read/Write 

1 0 0 1 DDC (high) Read/Write 

1 0 1 0 DMD Read/Write 

1 0 1 1 DST Read 

1 1 0 0 Reserved _ 

1 1 0 1 Reserved = 

1 1 1 0 Reserved _ 

1 1 1 1 DMK Read/Write 


Word I/O instructions can be used to read/write the 
register pairs listed below. All other registers are 
accessed via byte I/O instructions. 


DBC/DCC 
DBA/DCA (higher/lower only) 
DDC 
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DMAU Registers 


Initialize. The DMA initialize command (DICM) register 
(figure 38) is used to perform a software reset of the 
DMAU. The DICM is accessed using the byte OUT 
instruction. 


Channel Register. Writes to the DMA channel (DCH) 
register (figure 39) select one of the four DMA 
channels for programming and also the base/current 
registers. Reads of the DCH register return the cur- 
rently-selected channel and the register access mode. 


Count Registers. When bit 2 of the DCH register is 
cleared, awrite to the DMA count register updates both 
the DMA base count (DBC) and the DMA current count 
(DCC) registers with a new count. If bit 2 of the DCH 
register is set, a write to the DMA count register affects 
only the DBC register. The DBC register holds the 
initial count value until a new count is specified. If 
autoinitialization is enabled, this value is transferred to 
the DCC register when a terminal count or END 
condition occurs. For each DMA transfer, the current 
count register is decremented by one. The format of 
the DMA count register is shown below. The count 
value loaded into the DBC/DCC registers is one less 
than the desired transfer count. 


~~. 2H, IN/OUT 0 
C7 C5 Cs C4 C3 Co C, Co 
7 3H, IN/OUT 0 
Cis Crag Cig Cr2 Cry Cio Cg Cg 


Address Register. Use either byte or word !/O in- 
structions with the lower two bytes (4H and 5H) of the 
DMA address register. However, byte I/O instructions 
must be used to access the high-order byte (6H) of this 
register. When bit 2 of the channel register is cleared, a 
write to the DMA address register updates both the 
DMA base address (DBA) and the DMA current address 
(DCA) registers with the new address. If bit 2 of the 
DCH register is set, a write to the DMA address register 
affects only the DBA register. 


7 4H, IN/OUT 0 
Az Ag As Ag Ag Ao Ay Ao 
7 BH, IN/OUT 0 
Ais Ata Aig. Ara Ait Ato Ag As 
7 6H, IN/OUT 0 


Aig Aig A177 Ais 


NEC 


The DBA register holds the starting address value until 
anew address is specified. This value is transferred to 
the DCA register automatically if autoinitialization is 
selected. For each DMA transfer, the current address 
register is updated by two during word transfers and by 
one during byte transfers. 


Device Control Register. The DMA device control 
(DDC) register (figure 40) is used to to program the 
DMA transfer characteristics common to all DMA 
channels. It controls the bus mode, write timing, 
priority logic, and enable/disable of the DMAU. 


Status Register. The DMA status (DST) register (figure 
41) contains information about the current state of 
each DMA channel. Software can determine if atermin- 
ation condition has been reached (TC3-TCp) or if a 
DMA service request is present (RQ3-RQg). The byte 
IN instruction must be used to read this register. 


Figure 37. Bus Waiting Operation 


Other 
Bus Master 
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Figure 38. DMA Initialize Command Register 





Initialize 
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Note: 
{1} The DMAU initializes as fotiows: 


Register Initialization Operation 


Initialize Clears all bits 


Address No change 
Count No change 
Channel Selects channel 0 
Mode Control Clears ail bits 
Device Control Clears ail bits 
Status Clears all bits 


Mask Sets all bits [masks all channels] 








83-001858B 


peg CoE 
pif Reset | 


83-001859B 


57 


yPD70216 (V50) N E 


Figure 39. DMA Channel Register 
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6 5 2 


= . 
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eR EN 


[ooor] Channel __—_+| 
Selected [0010] Channel 1. 
Channel [o1o0[ Channel 2 ___—id. 
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Base Only and Current (write) 
‘| 1. | Base (read/write) 
6 5 2 


7 1 0 
t#HL—] — | — J — | — [ease] setcn | out (Byte only) 


[00 [ channel o 
select [01 | Channel 1. 
Channel [70 | Channel 2 | 
Tit [henner 3 


Select Current (read), 
select both Base and 
Base Only Current (write) 
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Figure 40. DMA Device Control Register 


0 


: . 
sH | — | — | exw} Ror] — |ppma] — | — | inour 
; Disable DMA | Enable 
Operation() 
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Writing (2) Extended 


7 
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Bus Hold 


n 
rae 

WaitErabie | 0] Disable 

During Very 4 ] Enable 


Note: 

[1] Disables BUSRQ to the BAU to prevent incorrect DMA 
operation while the DMAU registers are being initialized 
or modified. 

[2] When EXW is 0, the write signal becomes active [normal 
write] during T3 and TW [see timing waveforms]. When 1, 
the write signal becomes active during T2, T3, and TW [like: 
the read signal]. 

Wait states are generated by the READY signal during a 
verify transfer. 
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Figure 41.. DMA Status Register 


ot [Ras [ AG2 | Rv] RQ] TCs] Toa] Tex] Teo | IN (Byteonly) 
a areca 
Terminai [2] Notended for ecch reac) | 
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END or terminal 
count 
“1 0 | No DMA request active 
DMA DMA request active 
Request 


Mode Control Register. The DMA mode (DMD) register Mask Register Read/Write. The DMA mask (DMK) 
(figure 42) selects the operating mode for each DMA register (figure 43) allows software to individually 
channel. The DCH register selects which DMD register enable and disable DMA channels. The DMK register 
will be accessed. A byte IN/OUT instruction must be can only be accessed via byte 1/O instructions. EX 
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used to access this register. 





Figure 42. DMA Mode Register 
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Figure 43. DMA Mask Register 
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Reset 


The falling edge of the RESET signal resets the 
uPD70216. The signal must be held low for at least four 
clock cycles to be recognized as valid. 


CPU Reset State 
Register 


PFP 
PC 
PS 


SS 
DSO 
DS1 


PSW 
AW, BW, CW, DW, 
IX, IY, BP, SP 


- Instruction queue 


Reset Value 


0000H 
0000H 
FFFFH 


0000H 
0000H 
0000H 


F002H © 
Undefined 


Cleared 


When RESET returns to the high level, the CPU will 
start fetching instructions from physical address 


FFFFOH. 


Internal Peripheral Registers 


internal peripheral devices initialized on.reset are 
listed in the following table. I/O devices not listed are 
not initialized on reset and must be initialized by 


software. 
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Register 


System OPCN 
1/0 area — OPSEL 
wey1 
wcy2 
WMB 
TCKS 
RFC 


SCU SMD 
SCM 
SIMK 


SST 
DCH 
DMD 


DDC (low) 
DDC (high) 
DST 


DMAU 


DMK 


NEC 


Reset Value 


----0000 
----0000 
11111111 


Set 
“411-411 
-- -00000 
x--01000 


01001011 
--0000-0 


10000100 
---00001 
000000-0 


xxxx0000 
----1111 


Symbols: x = unaffected; 0 = cleared; 1 = set; (-) = unused. 


Output Pin Status 


The following table lists output pin status during reset. 


TAK, BUFEN, BUFR/W,_ 
iD, MWR, END/TC, (OWA, ORD, 


REFRO, UBE, BSo-BSp, BUSLOCK, 
RESOUT, DMAARS- DMAARO 
QS4-QSp, ASTB, HLDAK 
A4g9-Ajg/PS3-PSo, TOUT2 





= 


S/= 





AD45-ADo 


CLKOUT 


Status 
High level 


Low level 

High or Jow level 

High impedance 
Continues to supply clock 


NEC 


Instruction Set 
Symbols 


Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 


Clocks 


In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 


Ciock timings assume the instruction has been pre- 
fetched and is present in the six-byte instruction 
queue. Otherwise, add four clocks for each pair of 
bytes not present. 


Word operands require four additional clocks for each 
transfer to an unaligned (odd-addressed) memory 
operand. These times are shown on the right-hand side 
of the slash (/). 


For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 


If a range of numbers is given, the execution time 
depends on the operands involved. 


Symbols 

Symbol Meaning 

acc Accumulator (AW or AL) 

disp Displacement (8 or 16 bits) 

dmem Direct memory address 

dst Destination operand or address 

ext-disp8 16-bit displacement (sign-extension byte 
+ 8-bit displacement) 

far_label Label within a different program 
segment ; 

far_proc Procedure within a different program 
segment 

fp_op Floating point instruction operation 

imm 8- or 16-bit immediate operand 


Symbols 
Symbol 
imm3/4 
imms 
imm16 
mem 


mem8 
mem16 
mem32 
memptr16 


memptr32 


mod 
near_label 
near_proc 
offset 
pop_value 


reg 


reg8 
regi6 
regptr 


regptrié 


seg 
short_label 


sr 
src 
temp 
AC 
AH 
AL 
AW 
BH 
BL 
BP 
BRK 
BW 
CH 
CL 


uPD70216 (V50) 


Meaning 

3- or 4-bit immediate bit offset 
8-bit immediate operand 
16-bit immediate operand 


Memory field (000 to 111); 
8- or 16-bit memory location 


8-bit memory location 
16-bit memory location 
32-bit memory location 


Word containing the destination address 
within the current segment 


Double word containing a destination 
address in another segment 


Mode field (00 to 10) 

Label within the current segment 
Procedure within the current segment 
Immediate offset data (16 bits) 

Number of bytes to discard from the stack 


Register field (000 to 111); 
8- or 16-bit general-purpose register 


8-bit general-purpose register 
16-bit general-purpose register 


16-bit register containing a destination 
address within the current segment 


Register containing a destination address 
within the current segment 


Immediate segment data (16 bits) 


Label between —128 and +127 bytes from 
the end of the current instruction 


Segment register 

Source operand or address 
Temporary register (8/16/32 bits) 
Auxiliary carry flag 
Accumulator (high byte) 
Accumulator (low byte) 
Accumulator (16 bits) 

BW register (high byte) 

BW register (low byte) 

BP register 

Break flag 

BW register (16 bits) 

CW register (high byte) 
CW register (low byte) 
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Symbols (cont) 





Symbol Meaning 
CW .' . CW register (16 bits) 
CY Carry flag 
DH DW register (high byte) 
DIR Direction flag 
DL DW register (low byte) 
DSO Data segment 0 register (16 bits) 
DS1 Data segment 1 register (16 bits) 
DW DW register (16 bits) 
IE Interrupt enable flag 
IX Index register (source) (16 bits) 
\Y Index register (destination) (16 bits) 
MD Mode flag 
P Parity flag 
PC Program counter (16 bits) 
PS Program segment register (16 bits) 
PSW Program status word (16 bits) 
R Register set 
S - Sign extend operand field 

S=0 No sign extension 

$=1 Sign extend immediate byte 

operand 

$ Sign flag 
SP Stack pointer (16 bits) 
Ys) Stack segment register (16 bits) 
V . Overflow flag 
W Word/byte field (0 to 1) 


X, XXX, YYY, ZZZ 


Data to identify the instruction code of the 
external floating point arithmetic chip 


XXH Two-digit hexadecimal value 
XXXXH Four-digit hexadecimal value 
Zz Zero flag 
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Flag Operations 


Symbol 
(blank) 
0 


1 

X 
u 
A 


Meaning 

No change 
Cleared to 0 
Set to 1 


NEC 


Set or cleared according to result 


Undefined 


Restored to previous state 


Memory Addressing Modes 


mem 
000 
001 
010 
011 
100 
101 
110 
111 


mod = 00 
BW + IX 
BW +lY 
BP + IX 
BP +1Y 


“IX 


lY 
Direct 
BW 


Register Selection (mod = 11) 


reg 
000 
001 
010 
011 
100 
101 
110 
111 


mod = 01 mod = 10 
BW + IX + disp8 BW + IX + disp16 
BW +1Y + disp8 BW + lY + disp16 
BP+IX+disp8 BP +IX + disp16 
BP + lY + disp8 BP + lY + disp16 
IX + disp8 IX + disp16 
lY + disp8 lY + disp16 
BP + disp8 BP + disp16 
BW + disp8 BW + dispi6 
w=0 W=1 
AL AW 
CL cw 
DL DW 
BL BW 
AH SP 
CH BP ° 
DH IX 
BH 1Y 


Segment Register Selection 


sr 
00 
01 
10 
11 


Segment Register 
DS1 

PS 

ss 

DSO 
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Instruction Set 










































































Opcode Flags 
Mnemonic Operand 765432 10 765 4 3 2 1 0 Clocks Bytes AC CYV P § Z 
Data Transfer Instructions 
MOV reg, reg 1000%10%1W 11 reg reg 2 2 
mem, reg 10004100 W-— mod reg mem 7/11 2-4 
reg, mem 100010 1W = mod reg mem 10/14 2-4 
mem, imm 11000114 W ~— mod reg mem 9/13 3-6 
reg, imm 101 %1W = reg 4 2-3 
acc, dmem 1010000W 10/14 3 
dmem, acc 101000%1W 9/13 3 
sr, regi6 10004110 110 sr reg 2 2 
sr, mem16 1000%1%1%10 mod 0 sr mem 10/14 2-4 
reg 16, sr 10001100 110 sr reg 2 2 
mem16, sr 10001100 mod 0° sr mem 8/12 2-4 
DSO, reg16, mem32 11000%i101 mod reg mem 17/25 2-4 
DS1, regi6, mem32 11000100 mod reg mem 17/25 2-4 
AH, PSW 100%1%1%11 41 2 1 
PSW, AH 100%1%1%110 3 1 X xX xX X X 
LDEA reg 16, mem16 10001101 mod reg mem 4 2-4 
TRANS src_table 11031031141 9 1 
XCH reg, reg 10000%i1%i1W 11 reg reg 3 2 
“mem, reg 100001 %1W-  =~“mod- reg mem 13/21 2-4 
AW, regi6é 1001 0 reg 3 1. 
Repeat Prefixes 
REPC 011001 0 2 1 
REPNC ~ 01100100 2 a 
REP 1114100141 2: 1 
REPE 
REPZ 
REPNE 11110010 2 1 
REPNZ 
Block Transfer Instructions 
MOVBK dst, src 10100%10wW 1 
9 (9) + 8n (W= 
9 (9) + 8n (W = 1, even addresses) 
9 (17) + 16n Wwe: odd addresses) 
9 (13) + 12n (W = 1, odd/even addresses) 
CMPBK dst, src 101001 %1W : 1 Xx X X X X X 
7 (13) + 14n (W = 0) 
7 (13) + 14n (W = 1, even addresses) 
7 (21) + 22n (W = 1, odd addresses) 
7 (17) + 18n (W = 1, odd/even addresses) 





CMPM dst 1010%1%1%1W 1 X X X X X X 
7 (7) + 10n (W =0) 
7 (7) + 10n (W =1, even addresses) 
7 (11) + 14n (W = 1, odd addresses) 
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Instruction Set (cont) 





‘Opcode Flags 

Mnemonic Operand 7654321 0 7 65 4 3 2 1 0 Clocks Bytes AC CYV P § Z 
Block Transfer Instructions (cont) 
LDM src | 1010110W “4 

7 (7) + 9n (W =0) 

7 (7) + 9n (W = 1, even addresses) 

7 (11) + 138n (W = 1, odd addresses) 
STM dst 1010%104%1W 


5 (5 Jean (W = 0) 
5 (5) + 4n (W W=1, even addresses) 
5 (9) + 8n (W = 1, odd addresses) 





n = number of returns 
String instruction execution clocks for a single-instruction execution are in parentheses. 


1/0 Instructions 






































iN acc, imm8 11100%10W 9/13 2 
acc, DW 1114034 %10W 8/12 1 
OUT immés, acc 11100%1%1W 8/12 2 
DW, acc 11141034 %41W 8/12 1 
INM dst, DW 01101%10W 1 


9 (10) + 8n (W =0) 
9 (10) + 8n (W = 1, even addresses) 
9 (18) + 16n (W = 1, odd addresses) 


OUTM DW, src 01%10%1%1%1W 1 
9 (10) + 8n (W = 0) 
9 (10) + 8n (W = 1, even addresses) 
9 (18) + 16n (W = 1, odd addresses) 


n = number of transfers 
String instruction execution clocks for a single instruction execution are in parentheses. 
Use the right side of the slash (/) for DMA I/0 accesses. 













































































BCD Instructions 
ADJBA 00110111 7 1 xX xX U UU U 
ADJ4A 00310011 =41 3 1 Xx X UX X X 
ADJBS 001413111 «4 7 1 xX xX UU UU 
ADJ4S 00310131141 3 1 xX X UX X X 
ADD4S dst, sro 000031111 00100000 7+19n 2 u X UU U X 
SUB4S dst, src 00001111 0.0.51 6.0 0910 ¢18n -2 u xX uuu xX 
CMP4S$ dst, src 0000111 4 00100141310 7+19n 2 u X UU U X 
ROL4 reg8 00001111 00101000 8 3 
1100 0 reg 
‘mem8 00003111471 00101000 25 3-5 
mod 0 0 Q mem 
ROR4 reg8 00001111 0010101 0 = 3 
: 1100 0 reg 
mem8 0000711711 900101010 2 3-5 
mod 0 00 mem 


n= number of BCD digits divided by 2 
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Instruction Set (cont) 











Opcode Flags 
Mnemonic Operand 7654321 0 7 65 4 3 2 1 0 Clocks Bytes ACCYV P & Z 
Data Type Conversion Instructions 
CVTBD 11010100 00001010 4 2 u uuxX X Xx 
CVTDB 11010141401 00001010 #7 2 uuu xX X X 
CVTBW 10011000 2 1 
CVTWL 1004110041 4/5 1 
Arithmetic Instructions 
ADD reg, reg 0000001W 141 reg reg 2 2 Xx X X X X X 
mem, reg 0000000 W~— mod reg mem 13/21 2-4 X X X X X X 
reg, mem 000000 %1W = mod reg mem 10/14 2-4 X X X X X X 
reg, imm 100000SW 11000 #sreg 4 3-4 X X X X X X 
mem, imm 100000S W mod 0 00 mem 15/23 3-6 X X X X X X 
acc, imm 0000010W 4 2-3 xX xX X X X X 
ADDC reg, reg 0001001t1W 141 reg reg 2 2 Xx X X X X X 
mem, reg 0001000 W~— mod reg mem 13/21 2-4 X X X X X X 
reg, mem 0003100 %1W ~~ mod reg mem 10/14 2-4 xX X X X X X 
reg, imm 100000SW 1101 0 reg 4 3-4 xX X X X X X 
mem, imm 100000S W mod 0 10-— mem 15/23 3-6 Xx X X X X X 
acc, imm 00.0 1090%10W 4 2-3 Xx X X X X X 
SUB reg, reg 001031%10%1W 141 reg reg 2 2 x Xx X X X X 
mem, reg 0010 %100W~ mod reg mem 13/21 2-4 Xx X X X X X 
reg, mem 00310410 %1W~ mod reg mem 10/14 2-4 xX X X X X X 
reg, imm 100000SW 111014 reg 4 3-4 x x Xx X X X 
mem, imm 100000S W- mod 1 01° mem 15/23 3-6 xX xX X X X X 
acc, imm 00310411 0W 4 2-3 X X X X X X 
SUBC reg, reg 000110%1W 141 reg reg 2 2 xX X X X X X 
, mem, reg 0001310 0W-=— mod reg mem 13/21 2-4 xX Xx X X X X 
reg, mem 000%1%40%1W = “mod reg mem 10/14 2-4 x xX Xx X X X 
reg, imm 100000SW 110141 reg 4 3-4 xX X X X X X 
mem, imm 100000S W mod 011 + &=mem 15/23 3-6 x Xx X X X X 
acc, imm 0001%1%10W 4 2-3 X X X X X X 
INC reg8 11144141110 ~¢«1411 00 0~— reg 2 2 x x X X X 
mem 11141431414 %4W mod 0 00 mem 13/21 2-4 X X X X X 
regi6 01000 reg 2 1 X x xX X X 
DEC reg8 11141141 4 1 ~«(0 11001 reg 2 xe <8 X Xx X X X 
mem 11144311414 W- mod 00.1 mem 13/21 2-4 X X X X X 
regi6 010.01 reg 2 1 x X X X X 
MULU reg 113711031 %1W =é#%4131 140 0 ~— reg 21-30 2 u-X X UU iu 
mem 111140 %1%4W mod 100 mem 26-35 2-4 u x X UU U 
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Instruction Set (cont) 


Operand 


Arithmetic Instructions (cont) 


MUL 


DIVU 


DIV 


reg 
mem 
reg16,reg16,imm8s 
reg16,mem16,imm8 
reg 16,reg16,imm16 
regi6,mem16,imm16 
reg 

mem 

reg 

mem 


Comparison Instructions 


CMP 


reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 


Logical Instructions 


NOT 


NEG 


TEST 


AND 


OR 
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reg 

mem 

reg 

mem 

reg, reg 
mem, reg 
reg, imm 
mem, imm 
acc, imm 
reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 
reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 


=/-=2]}/-}/A|olojlolo] a] = 


‘Tolalialololeo 


OQi—af/e|]alalao;/o!]aiHposjolo;] =| =~}; —~[ ajay] ajay aya 


Ololo;lro;o;lo 


O;rolrol»~ol»~ of osl»posp»fpoyl»~roosyjos;yos;»osfo;y Hajrlpo;»jos; my asme myo 


ef ot ae] a] a] oe a] | oe |] 


-—|/O!}o;rmjy—] 


|]aj $/ Ol Ololorlro;] alr a;loa; i mam] aj sf | St | CO] CO] as] ee oe et 


=/o2/a}n}a0]/0}/o0}]o} a3) = 


=ajyolo;m]-—| — 


—|/O!}! oO! OOP oOloHTojyo!;o;o;oyo] stop oy;yo;y ms] omy om 


alolo}]a|]|iAa}a 


DEO] Oo] Ha] HJ] af Hol_ aoafloljol]oloaol] {ft alolo|l]/ololalo}!o 


Ololo;o] =|] —}| 4=j = |]a0/c0 


=a/}/a{/-/42};alojlolo}]a|a 


—fo!}r oy o!]o|o 


-—/|/O/Ol]/O/]O}]O;]/—}o};yo;o;o;}o;oy); mimi mapas yas as st 


—=a/}/—o}/oajpaslo!lo] =| =; =a] oa 


=/=)=/=/-|/-|-|/-|/=/= 


CO1Mn;] nm!) o}]o;]— 


QDIlolo!;l ~s~silo;ajjolos;lo;]-|o;]-|;o}]ai{i-salo!]o!] =|] --~|] oa] 


Opcode 
0 76 


mod 
A 
mod 
11 
mod 
11 
mod 
11 
mod 


11 
mod 
mod 
11 
mod 


=/=|/=/=,/=/= 


11 
mod 
11 
mod 


mod 
11 
mod 


11 
mod 
mod 
11 
mod 


1 1 
mod 
mod 
11 
mod 


=| =) =| =| =| =| =| =) =| Sl =) S| =] =] =] Sl = Sl Sel el= 


reg 
reg 
reg 
reg 


en ee ee 
a oe eS 
—~f; e+ [Oo] o 


reg 
reg 
reg 


olololo 
ST ee 
3a{[alo|lo 


reg 
000 
000 


reg 
reg 
reg 
100 
10 0 


reg 
reg 
reg 
00 1 
001 


reg 
mem 
reg 
mem 
reg 
mem 
reg 
mem 
reg 
mem 


reg 
mem 
mem 

reg 
mem 


reg 
mem 
reg 
mem 
reg 
mem 


mem 


reg 
mem 
mem 
reg 
mem 


reg 
mem 
mem 
reg 
mem 


Clocks 


33-47 


38-52 
28-34 
33-39 
36-42 
41-47 
19-25 
24-30 
29-43 
34-48 


10/14 


10/14 


12/16 


13/21 


13/21 


9/13 


10/14 


13/21 


10/14 


15/23 


13/21 


10/14 


15/23 


Bytes 


NEC 


Flags 
ACCYV P § Z 


i= [ae Oe ij Cc c c [=f Cc = 
x ~ ~< ~x< < << 

~< < x< ~< ~< =< 

c c fond c = c c 

Cc Cc Cc Cc c fond c c faa Cc 


pe ee ne 
MM | OS | mK] OK | OK 

Mm | mK | KL OK LK | OX 
~— | K | mK] OK] OK | OX 
MM | mK | OK] OK | OK | OX 
M | Kf KL KEK | OX 


ejelcjc}jyc|x<|x 


ce;jc 


erelcorcyc 
mM | mK | KL KE | OK] OK] OK] mK] KL KEK] KK | Cl x«K 


c 


Ol/Ol}o]; eo, Oo]oyol/olLorlpol;ls oly oloj;yo]o!;]o!]o| «| x 
=< 


OP,O!]OLSol;l ol; oO] ol] o}Po!]ol;o;o;o;o];]o!]oj;] oy «| x 
mM | | OK] KE KE KL KE KY OK] OK] OK] KL KE KEK] OK] OK] CK | OK 
mM | Kf OK EK] OK] KL OK] OK] KE KE KE KEK | mK] mK] KL KK OK 


eyjc;jcl]yc 
< | | OX 


NEC 


Instruction Set (cont) 


Mnemonic 


Operand 


Logical Instructions (cont) 


XOR 


reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 


Bit Manipulation Instructions 


INS 


EXT 


TEST1 


SET1 


CLR1 


reg8, reg8 
reg8, imm8 
reg8, reg8 
reg8, imm8 
reg, CL 

mem, CL 

reg, imm3/4 
mem, imm3/4 
reg, CL 

mem, CL 

reg, imm3/4 
mem, imm3/4 


CY 
DIR 
reg, CL 


mem, CL 
reg, imm3/4 
mem, imm3/4 


CY 
DIR 


o;}—mr tp Hep o!]o|]o 


So Oo 
a;/n4/aQo;j/—a3o0/aQ 0; mn 0);—4/-/A2 0/42 0/2 0; 4-5 Cf/2l O]sa2H0/R2oO/]=Aa co] 0/3 0of;j-0/-00 


oO 


fo) 


°o 


° 


o;}o;o;o;o!] oa 


=a|o}lo;/—]a]/— 


o|;|oo 


aj ool; oo;oo;roc”co;-+;jHoel/ oo; oor oo; oon;oo;oo;ooroo;!,cooe 


r 


~~ 


o;o;o;—-~]—] 


Qo 


eg 


noalcoo 


(=) 


>aloae|(/ool;oo!loo;oo/!];Hai oe / ooj;oo;oo;oo;oorootoo,;oo|!|coe 


oO}o;} ao; o!]o;o 


Opcode 
210 #76 
01W 141 
0 0 W~ mod 
0 1W ~~ mod 
0oW 11 
0 0 W~ mod 
10W 
111 #00 
reg 
111 #00 
reg 
111 #00 
reg 
111 #090 
reg 
111 #00 
reg 
111 #00 
mem 
111 #900 
reg 
111 #00 
mem 
111 400 
reg 
111 #00 
mem 
111 #00 
reg , 
111 00 
mem 
001 
101 
111 #00 
reg 
111 00 
mem 
1171 #00 
reg 
111 00 
mem 
000 
10 0 


5 43 2 1 
reg reg 

reg mem 
reg 

110 


1 1.0 


mem 
reg 
mem 


0 


Clocks 


13/21 
10/14 


15/23 


31-117/ 
35-133 


31-117/ 
35-133 


26-55/ 
34-59 


26-55/ 
34-59 


3 


7/11 


8/12 


10/18 


11/19 


11/19 


12/20 


uUPD70216 (V50) 


Bytes 


2-4 
2-4 
3-4 
3-6 
2-3 


3-5 


4-6 


3-5 


4-6 


3-5 


4-6 


|e;7;joroyc yo 


DICOlLoOlolol!|o! 


Flags 
AC CY V P 


o;o!} oo; o|o;]o 


<M | Ke |] KK] KEK] xX 


§ 


be oe ee ae Pe 


< | Ke | KEK] KK | xX 
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Instruction Set (cont) 




























































































































































































Opcode Flags 
Mnemonic Operands 76543210 765 4 3 2 1 0 Clocks Bytes AC CYV P § Z 
Bit Manipulation Instructions (cont) 
NOT1 ~ reg, CL 000011141 000101%i1W 4 3 
1100 0 reg 4 
mem, CL 000011141 000101 1 W ~~ 10/18 3-5 
mod 0 00 mem 
reg, imm3/4 00001111 00011%11W 5 4 
11°00 0~— reg 
mem, imm3/4 000011141 0001144 1W~ 11/19 4-6 
mod 0 00 mem , 
CY 1114101041 2 1 X 
Shift/Rotate Instructions 
SHL reg, 1 1101000W 1110 0 reg 2 2 ux X X X X 
mem, 1 1101 000W #=mod 100° mem 13/21 2-4 u xX X X X X 
reg, CL 110100%1W 411140 0 reg 74+n 2 u xX UX X X 
mem, CL 110% 00 %1W mod 10 0-— mem 16/24-+n 2-4 u xX UX X X 
reg, imm8s 1100000W 1110 0 reg 74+n 3 u xX UX X X 
mem, imm8 1100000W #=mod 100 mem 16/24 +n 3-5 u X UX X X 
SHR reg, 1 1101000W 111041 reg 2 2 u X X X X X 
mem, 1 14101 00 0W # =mod 10 1°) mem 13/21 2-4 u xX X X X X 
reg, CL 11010041W 13110 1 reg 74+n 2 u X UX X X 
mem, CL 110100 %1W mod 10 1° mem 16/24+n 2-4 u X U X X X 
reg, imm8 1100000W 1110 1 reg 74+n 3 “ u xX UX X X 
mem, imm8 110000 0W =«mod 101 — mem 16/244+-n 3-5 u X UX X X 
SHRA reg, 1 1101000W 11414 ~41 reg 2 2 u x 0 xX xX x 
mem, 1 110100 0W #=mod 1114 + =mem 13/21 2-4 u x 0 x x xX 
reg, CL 110100%1W 11443 «4 reg 74+n 2 u X UX X X 
mem, CL 110100 %14W mod 111° #=mem 16/244+-n 2-4 u X UX X X 
reg, imm8 1100000W 11111 reg 7+0n 3 u xX UX X X 
mem, imm8 11 00000W mod 111 = =mem 16/24 +n 3-5 u xX UX X X 
ROL reg, 1 1101000W 1100 0 reg 2 2 xX xX 
mem, 1 110100 0W # =mod 000 mem 13/21 2-4 X 
reg, CL 110100%1W 410 0 0 ~~ reg 74+7n 2 X U 
mem, CL 110100 %1W # =mod 00 0 mem 16/24+n 2-4 xX U 
reg, imm 1100000W 110 0 0 -— reg 7t+n 3 xX U 
mem, imm 11.0000 0W «mod 0 00 mem 16/24 +n 3-5 xX uU 
ROR reg, 1 1101000W 11001 reg 2 2 xX u 
mem, 1 1101 000W =«mod 0 01° mem 13/21 2-4 xX X 
reg, CL 110100%1W 141100 1 reg . 7+n 2 X u 
mem, CL 11031 00%1W =mod 0 01 =mem 16/24 +n 2-4 X U 
reg, imm8 1100000W 11001 reg 7+n 3 X U 
mem, immé8 11 00000W mod 0 01 mem 16/24 +n 3-5 X U 








n= number of shifts 


NEC vPD70216 (V50) 


Instruction Set (cont) 

















































































































Opcode Flags 
Mnemonic Operands 76543210 765 4 3 2 1 0. Clocks Bytes AC CYV P S$ Z 
Shift/Rotate Instructions (cont) 
ROLC reg, 1 11014000W 1101 ~0 reg 2 2 X X 
mem, 1 110%1000W «mod 010° mem 13/21 2-4 xX xX 
reg, CL 110100141W 110 1 0 reg 7+n 2 X U 
mem, CL 110100 %1W  =«mod 0 10— mem 16/24+n 2-4 xX U 
reg, imm8s 1100000W 1 1 07-al 0 reg 7+n 3 Xu 
mem, immé8 1 100000W mod 01 0— mem 16/24+n 3-5 X U 
RORC reg, 1 1101000W 14101 1 reg 2 2 xX X 
mem, 4 1 10%1000W mod 011° =mem 13/21 2-4 X X 
reg, CL 110341004141W 141310141 reg 770 2 X uU 
mem, CL 110%100%1W  #=mod 0 11 = #=xmem 16/24 +n 2-4 X U 
reg, imm& 1100000W 1101 1 reg 7+n 3 xX uU 
mem, imm8 110000 0W #=mod 011 — =mem 16/24+n 3-5 xX ou 
n= number of shifts 
Stack Manipulation Instructions 
PUSH mem16 11174434141 ~41 mod 1 1 0 mem 15/23 2-4 
regié 01010 ~— reg 6/10 1 
sr 000 sr 110 6/10 1 
PSW 1001%141 00 6/10 1 
R 01100000 33/65 1 
imm 011010858 0 5-6/9-10 2-3 
POP mem16 1000311141 mod 0 00 mem 16/24 2-4 
regi6 010141 reg 8/12 1 
sr 000 sr 4111 8/12 1 
PSW 10011101 8/12 1 R RRRRR 
R 01100001 43/75 1 
PREPARE imm16, imm8 11001000 * 4 
*imm8 = 0: 12 
imm8 > 1: 17 + 8 (imm8 — 1) 
DISPOSE 11001001 6/10 1 
‘Control Transfer Instructions 
CALL near_proc 11101000 16/20 3 
regptr 1411711413141 «4 11010 reg 14/18 1 
memptrié 1444141411441 mod 0 10 mem 23/31 2-4 
far_proc 10011010 21/29 5 
memptr32 11143114141 mod 0 1 14 mem 31/47 2-4 
RET 110000141 15/19 1 
pop_value 11000010 20/24 3 
110010141 21/29 1 
pop_value 11001010 24/32 3 
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Instruction Set (cont) 








Opcode Flags 
Mnemonic Operands 76543210 7 65 43 2 1 0° Clocks Bytes AC CYV P § Z. 
Control Transfer Instructions (cont) 
BR near_label 111010041 13 3 
short_label 111010141 12 2 
reg 11141411141 1110 0 ~~ reg 11 2 
memptr16 11414-11414 mod 10 0 mem 19/23 2-4 
far_label 11101010 5 5 
~ Memptr32 111411414414 4 +mod 101 mem 26/34 2-4 
BV near_label 01110000 14/4 2 
BNV near_label 01110001 14/4 2 
BC, BL near_label 01110010 14/4 2 
BNC, BNL near_label 01110011 14/4 2 
BE, BZ near_label 0111010 0 14/4 2 
BNE, BNZ near_label 011101041 14/4 2 
BNH near_label 01110110 14/4 2 
BH near_label 0111014141 14/4 2 
BN near_label 011311000 14/4 2 
BP near_label 01111001 14/4 2 
BPE near_label 011110410 14/4 2 
BPO near_label 0111101 1 14/4 2 
BLT near_label 01111100 14/4 2 
BGE near_label 01141311041 14/4 2 
BLE near_label 011111410 14/4 2 
BGT near_label 011714391911 ~4 14/4 2 
DBNZNE near_label 11100000 14/5 2 
DBNZE near_label 11100001 14/5 2 
DBNZ near_label 11100010 13/5 2 
BCWZ near_label 11100011 13/5 2 
Interrupt Instructions 
BRK 3 11001100 38/50 1 
imm8 11001101 38/50 2 
BRKV imms 110011410 40/3 1 
RETI 1100311141 27/391 R RRRRR 
CHKIND regi6, mem32 01100010 mod reg mem 17-25/ = 2-4 
52-55 
BRKEM imm8 000011411 #4114 4 1 14 14 «1 += «38/50 3 
CPU Control Instructions 
HALT 11110100 2 1 
BUSLOCK 11110000 2 1 
FPO1 fp_op 110141%4XXX j%t~1YYY2Z2Z22Z 2 2 
fp_op, mem 11014%4%X XX mod Y Y Y mem 10/144 
FP02 fp_op 0110011X %t*#1YYYZZ2Z 2 2 
fp_op, mem 01100%1%14X = +mod Y Y YY" mem 10/14 = 2-4 
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Instruction Set (cont) 











Opcode Flags 

Mnemonic Operand 765 43 2 1 ~0 7 65 4 3 2 1 =O Clocks Bytes AC CYV PS Z 
CPU Control Instructions (cont) 
POLL 100%1%101 41 2+5n 1 

n = number of times POLL pin is sampled. 
NOP 10010000 3 1 
DI 11111010 2 1 
El 111110141 2 1 
DSO:, DS1:, PS:, SS: 001 seg 110 2 1 
(segment override prefixes) 
8080 Instruction Set Enhancements 
RETEM 1110141 1 1111441441401 «= «27/389 #2 RRRRRR 
CALLN imm8 1110141 1 1110110 1 = «38/58 3 
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NEC HPD70136 (V33) 
16-Bit Microprocessor: 


NEC Electronics Inc. High-Speed, CMOS 


oO 


Description High-speed multiplication: 16-bit multiply in 


The »PD70136 (V33™) is a 16-bit, high-speed cmos 1 “locks (0.75 us at 16 MHz) 
microprocessor that is object and source code compat- 7 High-speed division: 16-bit divide in 19 clocks 


ible with the »PD701 16 (V30®). Performance is four times (1.19 ws at 16 MHz) 
that of the 10-MHz V30 due to a number of architectural © »PD72291 floating-point coprocessor executes 530K 
features, such as hard-wired data path control and floating-point operations per second 


dedicated high-speed logic. The address space is ex- 


o D stri ithmetic instructi 
panded to 16M bytes using an internal address transla- Pons bbs er neve net ue none 
tion table. . 0 CMOS with low-power standby mode 
The powerful instruction set includes bit processing, 7 12-5-MHz or 16-MHz clock 
bit-field insertion and extraction, and BCD string arith- 9 Single power supply Ei 
metic. Using a modified Booth’s algorithm, the 16-MHz ; ; 
device can execute a 16-bit multiply in 750 ns. Ordering Information 
The »PD70136 has separate 16-bit data and 24-bit ad- Part Number ees id) peckage 
dress buses. Bus control is synchronous. The nominal = #PD70136R-12 12.5 68-pin ceramic PGA 
bus cycle is two clock periods. Dynamic bus sizing is R-16 16 
supported for devices that require an 8-bit data path. ; a 
This allows the uPD70136 to be used in either 16- or 8-bit atl = iat 
systems. L-16 16 


GJ-12 12.5 74-pin plastic QFP 


An undefined instruction trap allows instructions that . 


are not part of the V-Series instruction set (such. as Grié 
commands for proprietary MMUs) to be emulated. The 

pPD72291, a high-speed CMOS floating-point coproces- 

sor capable of 530K floating-point operations per sec- 

ond at 16 MHz, is offered. 


Features 
O 125-ns minimum instruction execution time at 
16 MHz 


O Expanded address space 
— 24-bit addressing to 16M bytes 
— LIM 4.0 compatible 


Q No microcode; better performance with hard-wired 
data path control 


a Dynamic bus sizing for both memory and 1/O 
C Fully »PD70116 software compatible 
© Undefined instruction trap 


V30 is a registered trademark of NEC Corporation 
V20, V33, V40, and V50 are trademarks of NEC Corporation 
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Pin Configurations 





68-Pin Ceramic PGA 


Bottom View 


[Fn Symbot [Pm _Symbol [Fin Symbol 
[a2 vex [oo cue [Fo vo [xt aw | 
[a3 uDAK [5 pe [rv ens ane 
[a neo" Jon oe | 
c2 
(NT 


OO 
OO 
OO 
OO 
oO © 
HGS) 
OO 


A 

A [er av [xen 
[as Yoo [2 sussTi_ [ow oe [we ow | 
far erate [ow on [en oe [Kam | 
r ferro (Mazo as | 
A per aes | 
ie ar | 


eo 
B4 HLDRQ DSTB 


Dit Dg 
ee 
B38 NMI F2 Vpp 


ae [wan | 


6 
O 
O 
O 
O 
O 
O 
O 
O 


OOOOOO 00006 
O.C26- OO 0 O10'O:0 0 
EO OO. O10 OOO 


On 
OO 
OO 
OO 
OO 
Oo 
O20 


K11 A22 

L2 AZ 

L6 

L7 

La 

L9 = A4g “ 


L10 Aj21 


49NR-339B 





68-Pin PLCC 


48 1] BUSSTO 
471 BUSST1 
451BCYST . 
441) BUSLOCK 


4201 Bseasis 
41 FDHLDAK 
40 DHLDRQ 
39 FD) READY 
38) RESET 
37 HCPREQ 


»PD70136L 


34 CPERR 
33 {1 CPBUSY 
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74-Pin Plastic QFP 


»PD70136GJ 


READY C] 14 
HLDRQC] 15 
HLDAKC] 16 
BS8/BS16L] 17 


BUSLOCK [4 19 
BUSST14 22 
BUSSTO[j 23 


Pin Identification 





Symbol vo Function 

AgrA23 3-state Address bus 

DoDi5 3-state Data bus 

UBE 3-state Upper byte enable 

RW 3-state Read/write 

MAG 3-state Memory I/O 

BUSSTO, 8-state Bus status 

BUSST1 

BCYST 3-state Bus cycle start strobe 
BSTB 3-state Data strobe 

BUSLOCK Out Bus lock 

READY In: Ready 

BS8/BS16 In Dynamic bus sizing control 
AEX Out — Address expansion flag _ 
HLDRQ In Bus hold request 
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Symbol 1/0 Function 
. HLDAK Out Bus hold acknowledge 
INT In Maskable interrupt 
NMI In Nonmaskable interrupt 
CPBUSY In Coprocessor busy 
CPERR In Coprocessor error 
CPREQ In Coprocessor request 
RESET In Reset 
CLK In Clock 
Vpb - +5-volt power supply 
GND - Ground 
IC _ Internal connection; connect to 
ground 
N No connection 


C ’ ~ vee 
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Table 1. Output Pin States 

States 
Symbol Hold Standby Reset 
Ag-Ag3 (Note 1) Hi-z L Hi-z 
D45-Do (Note 1) ‘Hiz (Note 2) Hz 
UBE (Note 1) Hi-z H Hi-z 
RWW (Note 14) Hi-z L Hi-z 
M/IO (Note 1) Hi-z L Hi-z 
BUSSTO, BUSST1 (Note 1) Hi-z H Hi-z 
BCYST (Note 1) Hi-z (Note 3) Hi-z 
DSTB (Note 1) Hi-z H Hi-z 
BUSLOCK (Note 4) (Note 4) H 
AEX (Note 5) (Note 5) L 
HLDAK H L L 
Notes: 


(1) Latched internally. 

(2) Undefined during first two clock periods of the halt acknowledge 
cycle; three-state thereafter. 

(8) Low during first clock period of the halt acknowledge cycle; high 
thereafter. 


(4) Low if BUSLOCK prefix is used for halt instruction; high other- 
wise. 


(5) Low if in extended addressing mode; high otherwise. 


PIN FUNCTIONS 
CLK (Clock) 


CLK is the main clock. All timing is relative to this input. 
Each bus state is one CLK period wide. Instruction clock 
counts refer to this CLK input. 


Ao-A23 (Address Bus) 


Ao-Agg form the 24-bit physical address bus. !t is used to 
access both the 16M-byte expanded and 1M-byte nor- 
mal memory spaces and the 64K-byte I/O space. These 
three-state outputs become valid during T1 of all bus 
cycles and remain valid until after the bus cycle is 
completed. During HLDAK and when RESET is active, 
these outputs are.not driven. .. 


Do-D15 (Data Bus) 


Do-Di5 form the 16-bit data bus, which is used to transfer 
16- and 8-bit data between the ».PD70136 and the exter- 
nal system. To accommodate 8-bit devices, dynamic bus 
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sizing can be selected so that only the lower 8 bits, 
Do-D7, are used. During CPU read cycles, the value on 
the data bus is latched by the CPU on the trailing edge of 
T2 or the last TW state. During CPU write cycles, Do-Dis 
become valid after the rising edge of T1 and remain valid 
until after the rising edge of the clock cycle following T2 
or the last TW state. During HLDAK and when RESET is 
asserted, Do-D,5 are not driven. 


UBE (Upper Byte Enable) 


UBE indicates that the upper 8 bits of the data bus will be 
used in the current CPU bus cycle. This signal is used in 
conjunction with Ag as shown in table 2. 


Table 2. Bus Operation vs UBE and Ag 


Number of 

Bus Operation UBE Ao Bus Cycles 
Word at even address, 0 0 (Note 1) 2 
BSe/BS16 = 0 7 1 (Note 3) 
Word at odd address 0 1 (Note 1) 2 

1 0 (Note 2) 
Byte at even address 1 0 1 
Byte at odd address 0 1 1 
Notes: 


(1) First bus cycle 
(2) Second bus cycle 
(8) Second cycle for bus sizing 


UBE has the same timing as Ao-Agg and is not driven 
during HLDAK or while RESET is asserted. 


R/W (Read/Write) 


RW indicates whether the current bus cycle will be a 
read or a write. If R/W is high, then the cycle will be a 
read; if low, a write cycle. R/W has the same timing as 
Ao-Ag3 and is not driven during HLDAK or while RESET is 
asserted. 


M/IO (Memory/I0) 


M/IO indicates whether the current bus cycle will be an 
access to the memory or I/O space. If M/IO is high, 
access will be to memory; if low, to the I/O space. M/IO is 
used with BUSSTO and BUSST1 to identify the cycle type.. 
M/IO has the same timing as Ag-Agg and is not driven 
during HLDAK or while RESET is asserted. 
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BUSST0-BUSST1 (Bus Cycle Status) 


BUSSTO and BUSST1, in conjunction with M/IO and R/W, 
identify the current cycle type as shown in table 3. 


Table 3. Bus Cycle Types 


Status 
M/i0 RW BUSST1 BUSSTO Type of Bus Cycle 
0 1 0 0 Interrupt acknowledge 
0 1 0 1 1/0 read 
0 0 0 1 1/0 write 
0 1 1 0 Coprocessor read 
0 1) 1 0 Coprocessor write 
0 0 1 1 HALT acknowledge 
1 1 0 0 Instruction fetch 
1 1 0 1 Memory read 
1 c¢) 0 1 Memory write 
1 1 1 0 CP data read 
1 0 1 0 CP data write 


Note: All bus status signals change after the start of the T1 state. 


The 11 cycle types are described in detail in the bus 
cycles section. The remaining five combinations of these 
inputs are reserved for future use. 


BUSSTO-BUSST1 have the same timing as the address 
bus, Ag-Ag3, and are not driven during HLDAK or while 
RESET is asserted. 


BCYST (Bus Cycle Start) 


BCYST indicates the start of a bus cycle. It is asserted 
low during T1 of every bus cycle, and only for the first 
clock period of each bus cycle. BCYST is not driven 
during HLDAK or while RESET is asserted. 


DSTB (Data Strobe) 


DSTB indicates the status of the data on Do-D4s5. When 
asserted low during a write cycle, the »PD70136 drives 
the write data on Do-Dys5. When the CPU asserts this 
output during a read cycle, external logic should drive 
the read data onto Do-Dis. 








DSTB is asserted following the rising edge (middle) of 
T1, and stays asserted through T2 and any TW (wait) 
state that may be inserted. During write cycles, DSTB 
will be deasserted after the rising edge of either T2 or the 
last wait state. During read cycles, DSTB is deasserted 
after the trailing edge of T2 or the last wait state. DSTB 
is not driven during HLDAK, HALT acknowledge cycles, 
or while RESET is asserted. 
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BUSLOCK (Bus Lock) 


BUSLOCK should be used by external logic to exclude 
any other bus master (e.g., a DMA controller) from using 
a shared resource that the 1PD70136 currently is using. 
When BUSLOCK is asserted high, HLDRQ will be ig- 
nored. 


BUSLOCK is asserted when the BUSLOCK prefix is 
executed or when the »PD70136 is performing a bus 
operation that must not be interfered with, such as an 
interrupt acknowledge cycle. BUSLOCK has the same 
timing as the address bus Ap-Azg3 and is driven high 
during HLDAK and RESET. 





READY (System Ready) 


READY is asserted low when the external system is 
ready for the current bus cycle to terminate. While 
READY is not asserted, the 4PD70136 will add TW (wait) 
states to the current bus cycle. The bus state in which 
READY is sampled low will be the last state of the cycle. 











READY is used during CPU read cycles to give slow 
devices time to drive the Do-D7 inputs, and during write 
cycles to give slow devices enough time to finish the 
write operation. 


READY is sampled on the rising (middle) edge of T2 and 
all TW states. READY is ignored during the HLDAK state. 
This input is not internally synchronized. To ensure 
proper device operation, minimum setup and hold times 
must be met. 


BS6/BS16 (8-Bit Bus Size/16-Bit Bus Size) 


BS8/BS16 is driven low by external logic when the 
pPD70136 addresses a device with an 8-bit data path. if 
the nPD70136 operand is 16 bits wide and BS8/BSi6 is 
low, then the »PD70136 will perform two 8-bit bus 
cycles. The current bus cycle will handle the low byte on 
Do-D7, and the next bus cycle will handle the upper byte 
also on Do-D7. This input is ignored during HLDAK, 
interrupt acknowledge, and coprocessor cycles. _ 


BS8/BS16 is sampled on the rising (middle) edge of T2 or 
the last TW state, coincident with READY. This input is 
not internally synchronized. To ensure proper device 
operation, minimum setup and hold times must be met. 








AEX (Address Expansion) 


AEX is asserted when the expanded addressing mode is 
enabled. When AEX is high, the memory address space 
is 16M bytes (24-bit address), and when low, 1M bytes 
(20-bit address). 
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HLDRQ (Hold Request) 


HLDRQ is asserted high by external logic when an 
external bus master (e.g., a DMA controller) wants to 
take over the »PD70136 bus. When HLDRQ is detected 
high, the ».PD70136 will release the bus after the current 
bus operation is completed. Note that this is not neces- 
sarily the current bus cycle. The »PD70136 releases its 
bus by floating the address, data, and control buses. See 
table 1. 


HLDRQ is sampled on the rising edge of each clock. It 
will be ignored while BUSLOCK is asserted. This input is 
not internally synchronized. To ensure proper device 
operation, minimum setup and hold times must be met. 


HLDAK (Hold Acknowledge) 


HLDAK is asserted when the »PD70136 enters the hold 
acknowledge state in response to HLDRQ. Data, ad- 
dress, and control buses are not driven. See table 1. 


INT (interrupt Request) 


INT is asserted high by external logic to notify the CPU 
that an external event has occurred that requires the 
CPU’s attention. After INT has been sampled high, and if 
the IE (enable interrupts) bit in the PSW is high, interrupt 
processing will begin after the current instruction is 
completed. 


INT is sampled on the rising edge of each clock. After 


being asserted high, INT must be kept high until the first — 


INTAK cycle begins. This input is not internally synchro- 
nized. To ensure proper device operation, minimum 
setup and hold times must be met. 


NMI (Nonmaskable Interrupt Request) 


NMI is asserted by external logic to notify the CPU that 
an external event has occurred which requires the CPU's 
immediate attention. When NMI is sampled low, interrupt 
processing will begin immediately after the current in- 
struction is completed. A trap will be taken through 
vector 2. The state of the IE bit in the PSW has no effect 
on NMI acceptance. 
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NMI is sampled on the rising edge of each clock. This 
input is not internally synchronized. To ensure proper 
device operation, minimum setup and hold times must 
be met. 


Once NMI is samped low, an internal flag is set, so that a 
one-clock pulse meeting setup and hold times will be 
recognized. The flag is cleared when the NMI is accepted 
and can be set again immediately. 


CPBUSY (Coprocessor Busy) 


CPBUSY is asserted low by a coprocessor (such as 
p»PD72291) when it is busy with an internal operation. 
The »PD70136 uses this pin to check the status of the 
coprocessor. 


CPBUSY is sampled on the falling edge of each clock: 
This input is not internally synchronized. To ensure 
proper device operation, minimum setup and hold times 
must be met. 


CPERR (Coprocessor Error) 


CPERR is asserted low by a coprocessor to notify the 
uPD70136 of an error. 


CPERR I is sampled on the falling edge of each clock. This 
input is not internally synchronized. To ensure proper 
device operation, minimum setup and hold times must 
be met. 


CPREQ ane Request) 


CPREQ is asserted high by a coprocessor to request the 
pPD70136 to run a memory operation for the co- 
processor. 


CPREQ is sampled on the falling edge of each clock. This 
input is not internally synchronized. To ensure proper 
device operation, minimum setup and hold times must 
be met. 
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RESET (Reset) 


RESET is asserted high when external logic needs to 
initialize the »PD70136; for instance, after power-up. 
When RESET is asserted for at least 6 clock periods, the 
»PD70136 will abort any current bus cycles and initialize 
the registers as shown in table 4. 


Table 4. Register Initialization by Reset 


Register Offset Value 
PFP 0000H 

PC 0000H 

PS FFFFH 

ss O000H 

DSO 0000H 

DSi 0000H 


1614131211109 8 765 43210 


psw [1/1] 1[1JoJolofojojololofojoj1io 


Prefetch Queue Cleared 
Address Mode Normal Address Mode 


Other Undefined (if power has just been turned on) 
Registers Unchanged (if power on, but RESET Is asserted) 


Refer to table 1 for the state of the »PD70136 outputs 
during reset. When RESET is deasserted low, the 
2#PD70136 will begin fetching from address OFFFFOH. 
This input is not internally synchronized. To ensure 
proper device operation, minimum setup and hold times 
must be met. 
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pPD70136 Block Diagram 
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ELECTRICAL SPECIFICATIONS Typical Supply Current vs Clock Frequency 
Absolute Maximum Ratings 

Ta = +25°C 

Power supply voltage, Vpp -0.5 to +7.0 V 

input voltage, V| -0.5 V to Vpp + 0.3 V 

CLK input voltage, Vx -0.5 V to Vpp + 1.0 V 

Output voltage, Vo -0.5 V to Vpp + 0.3 V 

Operating temperature, Topr -10 to +70°C 

Storage temperature, Tstg -65 to + 150°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 


sta. sane [MHz] 




















Capacitance 49NR-226A 

Ta = +25°C, Vop = OV 

Parameter Symbol Max Unit Conditions 

Input capacitance CG, 15 pF = fe = 1 MHz; 

—_—_——_——————————_ unmeasured pins 

VO capacitance Cio 15 PF returned to 0 V. 

DC Characteristics 

Ta = ~10 to +70°C, Vpp = +5 V 210% 

Parameter Symbol _ Min Typ Max Unit Conditions 

Input voltage high Vin 2.2 Vpp + 0.3 Vv 

Input voltage low Vit -0.5 0.8 V 

CLK input voltage high VKH 0.8 Vop Vpp + 0.5 Vv 

CLK input voltage low Vk -0.5 0.6 Vv 

Output voltage high VoH 0.7 Vop Vv loy ~400 mA 

Output voltage low VoL 0.45 Vv lo, = 25 mA 

Input leakage current high lun -10 BA Vi = Vop 

Input leakage current low lo 10 pA Vj = OV 

Output leakage current high ILoH 10 pA Vo = Vpp 

Output leakage current low ILoL -10 BA Vo = 0V 

Supply current lop 16 MHz 100 150 mA Normal operation 

eo grant 25 35 mA Standby mode 
12.5 MHz 75 110 mA Normal operation 
20 . 30 mA Standby mode © 
*Stop mode current is not a function of CPU : 200 pA Stop mode 
clock frequency 
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AC Characteristics 
Ta = -10 to +70°C; Vpp = 5 V 10%; C, = 100 pF 














12.5-MHz Limits - 16 MHz-Limits 
Parameter Symbol Min Max Min Max Unit 
Clock period toyK 80 500 62.5 500 sons 
Clock high-level width tkKKH 35 25 ns 
Clock low-level width tKKL ot ; 25 ns 
Clock rise time (1.7 V — 3.0 V) tkr 5 5 . ns 
Clock fall time (3.0 V — 1.7 V) tke 5 5 ns 
Reset delay time (Vpp valid) tovast 1 1 BS 
Reset setup time (CLK |) tsrsTK 10 . 10 ns 
Reset hold time (CLK J) tHKRST 15 5 ns 
Reset high time twrasTH 6 6 tovK 
CLK | + BCYST delay toxac 5 40 5 40 ons 
BCYST low-level width tacec. tov - 10 toy - 10 ns 
BCYET high-level width tacBCH toyk (n + 1) 10. toyK (n + 1) -10° ns 
CLK | -» address delay toKa 5 40 5 40 ns 
CLK | — status delay toxst 5 40 5 40 ns 
READY setup time (CLK 1) tspvk 7 7 ns 
READY hold time (CLK 1) tHKRY 15 15 ns 
CLK ¢ — data output delay toxo 5 40 5 40 ns 
Floating delay tek 0 50 0 50 ns 
CLKt~DSTBdelay toKos 5 40 5 40 ns 
Addrese/status output -- DSTB | delay time tpADSL tke + tkr - 15 tkKL + tkr ~ 15 ns 
DSTEB t address/status hold time tupsHa Ss tL t tk - 15 tkkL t+ tka - 15 ns 
DSTE low-level width tosps- toyk (n+1) - 10 tok (n+1) - 10 ns 
BSTE high-level width tospsH txk. + tkn- 10 tkKLt tka - 10 ns 
CLK | -> DSTB ¢ delay for read cycle tpKDSRD 5 40 5. 40 ns 
Address/status output — data delay time tpab tex. + tka - 15 tkk. + tka - 15 ns 
DSTB + — data output delay time topsHD tex. + tka - 15 tkKL + tka — 15 ns 
Data setup time (CLK |) : tspk 7 i ns 
Data hold time (CLK J) tukp 10 10 ns 
Data hold time (OSTB 1) tHosD 0 0 . ns 
Data hold time (R/W J) tHRwo 0 0 ns 
BS8/8S16 setup time tspsk 7 7 ns 
BS8/BS16 hold time tuxes 15 15 ns 
HLDRQ setup time (CLK 4) tsHok 7 7 ns 
HLDRQ hold time (CLK 1) tHKHa 15 15 ns 
CLK t > HLDAK delay time toKHA | 5 40 5 40 ns 
Output float -- HLDAK delay toFHA tkKL t+ ten —- 15 tkxL + tka - 15 ns 
NMi, INT, CPBUSY setup time (CLK |) tsik 10 10 ns 
NMI, INT, CPBUSY setup time (CLK J) tuk 10 10 ns 





Note: ‘n’ means number of wait cycles to be Inserted into bus cycle 


_ 
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Timing Waveforms 


Input/Output Voltage Reference Levels 
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Clock Input 
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Reset 


tSRSTK 


ff 
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Input Setup/Hold Time 


CPBUSY, CPERR, 
CPREQ, NMI, INT 
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Basic Read Cycle (0 WAIT) 


tDKBC. 
tBCBCH 


tDKBC 


Deepal, I 
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mi) 
tDKDSRD 


tDSDS 
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7 iF 


tHKRY 
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Bus Lock Basic Read Cycle (1 WAIT) 
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tDKA 
BUSLOCK 
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Basic Write Cycle (0 WAIT) 


DAD: ¢_DSDSL ,| 


t 
tDDSHD 
tDKD 


. Hi-Z : Hi-Z 
oe a 


* R/W, M/O, BUSST1, BUSSTO, UBE, AEX 
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Basic Write Cycle (1 WAIT) 


BS8/BS16 t |} 


* PW, M/O, BUSST1, BUSSTO, UBE, AEX 


Bus Sizing Cycle (0 WAIT) 


trK 


tDDSHD 
tDKD 
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Bus Sizing Cycle (1 WAIT) 


BS8BS16 


* RW, M/iO, BUSST1, BUSSTO, UBE, AEX 
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Interrupt Acknowledge (0 WAIT) 


Hat ail i= al 
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interrupt Acknowledge (1 WAIT) 


T1 T2 TW 


tDKDSRD 


BUSLOCK 


* RW, M/IO, BUSST1, BUSSTO, UBE, AEX 
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Bus Hold 





* Ag-A23, Do-D45,M/O, BUSST1, BUSSTO, UBE, BCYST, DSTB 
: 49NR-323A 
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FUNCTIONAL DESCRIPTION 
Architecture 


A unique hardware architecture feature of the »PD70136 
is that there is no microcode. Instruction decode and 
data path contro! are implemented using logic and small 
independent state machines. This greatly enhances the 
speed with which instructions can be executed, in the 
same way that programs written in assembly language 
can be faster and more efficient than high-level language 
code. The »PD70136 is four times faster than the 
pPD70116. 


The »PD70136 hardware comprises the execution unit, a 
bus interface, and the address generator. See the 
»#PD70136 Block Diagram. 


Execution Unit 


The pPD70136 execution unit consists of a register file, 
an ALU, instruction decode, and execution control logic. 


Besides the hardware control logic, the most significant 
feature of the execution unit is a dual-bus internal data 
path. See figure 1. The ALU and many registers are 
dual-ported, with a data bus on each port. This allows 
two operands to be transferred in one clock cycle in- 
stead of two. Performance is improved by as much as 30 
percent using the dual data bus concept. 


Figure 1. Dual Data Buses 


Subdata Main Data 
Bus Bus 


Registers 


Temporary 
Registers/ 


Shifters 


My 


A49NR-247A 
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Register File. There are 12 registers in the internal RAM. 
Four are temporary registers used in the execution of 
certain instructions (LC, TA, TB, TC). The other eight are 
general-purpose registers (AW, BW, CW, DW, IX, lY, BP, 
SP) and either contain operand data or point to operand 
data in memory. 


The temporary registers speed up instruction execution 
by serving as scratch pad registers during complex 
operations. 


The loop counter (LC) is used during primitive block 
transfer operations. It contains the count value. It is also 
used as a shift counter for multiple-bit shift and rotate 
instructions. 


Temporary registers TA, TB, and TC are the inputs to the 
ALU. They are used as temporary registers/shifters dur- 
ing multiply, divide, shift/rotate, and BCD rotate opera- 
tions. 


ALU. The ALU consists of a complete adder and logical 
operation unit. It executes arithmetic (ADD, SUB, MUL, 
DIV, INC, DEC, NEG, etc.) and logical (TEST, AND, OR, 
XOR, NOT, SET1, CLR1, etc.) instructions. 


Data Path Control Logic. This logic comprises the main 
instruction decoder and the execution control blocks. Its 
purpose is to decide what operations must be done and 
to schedule them. It transfers operands as needed and 
controls the ALU. State machines are used to implement 
long, complex instructions. 


-Bus Interface 


The bus interface comprises bus control logic, an oper- 
and data register (ODR), an 8-byte instruction prefetch 
queue (IPQ), and an effective address generator. 


The bus control state machines implement the 
p»PD70136 bus interface. To allow the bus machine to run 
independent of the execution unit, an operand data 
register is used. During a CPU write cycle, the write data 
is placed in the ODR and the execution of the next 
instruction proceeds without waiting. The bus interface 
finishes the write cycle when the bus is available. During 
a read cycle, ifthe operand requires two bus cycles (asin 
a read from an odd address), the full 16-bit value is 
assembled in the ODR, one byte at a time. 


Instruction Prefetching. The ».PD70136 is a pipelined 
machine. To keep the pipeline running efficiently, it 
should be kept full of instructions in various stages of 
execution. Instructions are fetched before they are 
needed and placed in the IPQ. Data in the IPQ is broken 
out by the pre-decoder logic to determine what address- 
ing modes will be used and what CPU resources will be 
required to execute the prefetched instruction. To keep — 
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the 8-byte IPQ full, the bus control logic will schedule an 
instruction prefetch cycle whenever there are at least 2 
unused bytes in the IPQ. 


The IPQ is cleared whenever a control transfer instruc- 
tion (any branch, call, return, or break) is executed. This 
is done because a different instruction stream will be 
used following a control transfer, and the IPQ will then 
contain instruction data that will never be used. When 
this happens, the »PD70136’s pipeline will empty out, 
hampering performance. To maximize performance, the 
number of control transfers should be minimized. 


Effective Address Generator. The EAG logic computes 
a 16-bit effective address for each operand, which is an 
offset into one of the four segments. This effective 
address is passed on to the address modifier adder The 
EAG decodes the first byte(s) of each instruction to 
determine the addressing mode and initiates any bus 
cycles required to fetch pointers/offsets from memory. 
Effective addresses are calculated in a maximum of 1 
clock period, compared to 5 to 12 clocks for a micropro- 
grammed machine. See figure 2. 


Figure 2. Effective Address Generator 


Effective Address 
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Address Generator 


The address generator comprises the address register 
file, the address modifier (ADM), the address translation 
table, and the needed control logic. 


The registers in the address register file are PS, SS, DSO, 
DS1, PC, and PFP. The ADM is a dedicated adder that 
adds one of the segment registers to the effective ad- 
dress to produce the 20-bit normal address. The ADM 
also increments the prefetch pointer. If expanded ad- 
dressing is enabled, the address translation table is 
accessed to map the 20-bit address into a 24-bit ex- 
panded address. 


For instruction stream data, addresses are generated 
differently. The prefetch pointer contains a 16-bit offset 
into the PS segment that points to the next instruction 
word to be prefetched. The program counter contains an 
offset into the PS segment that points to the instruction 
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that is currently being executed. As part of all control 
transfers, the PFP is set to the same value as the PC. 


ADDRESSING MECHANISM 


The »PD70136 is completely compatible with the 
p»PD70108/116 in its addressing modes, and in the way 
that addresses are computed. It offers a method of 
expanding the memory address space to 16M bytes. 


The !/O space is 64K bytes (16-bit address). The normal 
memory address space is 1M byte (20-bit address), and 
the expanded address space is 16M bytes (24-bit ad- 
dress). Expanded addressing is enabled or disabled 
using the BRKXA and RETXA instructions. 


The memory space is accessed when an instruction uses 
a memory addressing mode. Memory addresses are 
calculated as described below. The I/O space can only 
be accessed through the IN, OUT, INM, and OUTM 
instruction. 


Certain areas of the »PD70136 address (physical for 
normal mode, and logical for expanded addressing 
mode) spaces are reserved. These areas are shown in 
figures 3 and 4. Memory addresses 0-3FCH are used for 
the Interrupt Vector table located in the Interrupt Oper- 
ation section. Memory addresses FFFFOH-FFFFFH 
must contain a branch to boot code; PC, PFP, and PS are 
initialized at RESET to point to this area. I/O addresses 
FFOOH-FF80H are reserved for the address translation 
registers. 


Figure 3. I/O Address Space 
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I/O Addresses 


/O addresses are always taken from 8-bit immediate 
data or the DW register. DW is always used as a direct 
pointer into the I/O address space. If I/O operations 
require the use of other more complex addressing 
modes, the I/O devices must be placed in the memory 
address space (using memory-mapped I/O techniques). 
For memory-mapped I/O devices, there are no restric- 
tions on instruction or addressing mode usage. However, 
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the »PD70136 will not automatically insert 6 clock cycles 
after memory-mapped I/O operations; external logic 
must provide the needed I/O device recovery time. 


Figure 4. Address Space 
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Normal Memory Addresses 


The nPD70136 is a 16-bit device with 16-bit registers. To 
allow a memory address space larger than 64K bytes, 
memory segmentation is used. The 1M-byte memory 
address space is divided into 64K byte segments. Up to 
four segments can be in use at any given time. The base 
addresses of the four active segments (program seg- 
ment, stack segment, data segment 0, and data segment 
1) are contained in four 16-bit segment registers (PS, SS, 
DSO, and DS1, respectively). The 16-bit value in each 
register is the upper 16 bits of the 20-bit memory ad- 
dress. Thus, segments always start on 16-byte bound- 
aries. 


As described above, the »PD70136 hardware generates 
a 16-bit effective address for each memory operation. 
This effective address is an offset into one of the four 
active segments. The actual 20-bit memory address is 
computed by adding the EA to the segment register 
value expanded with zeros to 20 bits. Figure 5 shows this 
process. 
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Figure 5. 20-Bit Address 
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lf normal addressing mode is enabled, then this 20-bit 
result is presented on the address bus during the bus 
cycle. If expanded addressing mode is enabled, this 
address is used as a logical address. 


Expanded Addresses 


In the expanded addressing mode, the memory space is 
divided into 1024 pages. Each page is 16K bytes. Each 
page of the normal 20-bit address space is mapped to a 
page in the expanded address space using a 64-entry 
address translation table. The table is made up of 64 
page registers that reside in the I/O space (figure 4). 


The programming model of this mode is the same as for 
the normal mode. Address expansion is a layer added to 
the normal mode that is transparent to executing code. 
The program still sees a 20-bit contiguous logical mem- 
ory address space, but the hardware sees 64 pages 
mapped into a set of 1024 physical pages. 


The I/O space is not affected by the expanded address- 
ing mode. 


The address translation mechanism is. shown in figure 6. 
The upper 6 bits of the logical 20-bit address select one 
of the entries in the address translation table, which 
supplies a 10-bit value. This value is substituted for the 
original 6 bits in the normal address to create a 24-bit 
expanded address. 


Figure 6. Address Translation Mechanism 
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Address Expansion Registers 


These are the page and XAM registers. Word IN and OUT 
instructions are used to access these registers. The table 
below shows page register usage and I/O addresses. The 
page registers contain the 10-bit physical page base 
address. 


Arg-A14 
Logical Address PGR Selected PGR I/O Address 
o- PGRI1 FFOO 
1 PGR2 FFO2 
2 PGR3 FFO4 
3 PGR4 FFO6 
63 PGR64 ‘FF7E 


The XAM register (figure 7) is a read-only status flag that 
indicates whether expanded addressing is enabled. Un- 
used data bits in the XAM register are undefined. Ex- 
panded addressing must be disabled before accessing 
any of the page registers. I/O operations to these internal 
registers are not passed to the bus interface and will not 
be seen by external logic. 


Figure 7. XAM Register 
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Memory Protection Mechanism 


The »PD70136 expanded mode provides a harware mem- 
ory protection mechanism (figure 8) that does not sac- 
rifice software compatibility with existing .PD8088/8086 
or V20/V30/V40/V50 programs. In expanded mode, the 
XAM and PGR registers cannot be accessed. This pro- 
vides simple two-level protection. 


A supervisory system task running in normal mode can 
set up restricted memory spaces for less privileged user 
tasks by programming the PGR registers and then start- 
ing up the user task in expanded mode. The user task will 
not be able to change its memory map to access 
privileged memory areas. External access control logic 
can monitor the AEX output to determine at which 
privilege level the CPU is currently running (AEX = 0 is 
supervisor mode, AEX = 1 is user mode) and permit or 
prevent each bus cycle, thereby providing additional 
memory and I/O protection. This scheme provides the 
basic hardware protection needed for most operating 
systems without forgoing full software compatibility. 


Figure 8 Expanded Mode Protection Mechanism 
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OPERAND ADDRESSING MODES 
For operand addressing, the »PD70136 offers 9 modes: 


e Register e Based 

e Immediate e Based index 

@ Direct e Bit 

e@ Register indirect © Autoincrement/autodecrement 
e Indexed 

Register 


The operand is in a »PD70136 register pointed to by the 
instruction. : 


Immediate 


The operand is in the instruction stream following the 
opcode of the instruction. This data will have been 
prefetched. Immediate data uses the »PD70136 pipeline 
efficiently. 
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Direct 


immediate data in the instruction stream points directly 
to the operand. This data can be a 16-bit effective 
address or a 4-bit bit field length. 


Register Indirect 


A 16-bit register (IX, lY, or BW) contains a 16-bit effective 
address. 


Indexed 


One or two bytes of immediate data are treated as a 
signed displacement that is added to the contents of a 
16-bit index register (IX or IY) to obtain a 16-bit effective 
_ address. 


Based 


One or two bytes of immediate data are treated as a 
signed displacement that is added to the contents of a 
16-bit base register (BP or BW) to form a 16-bit effective 
address. 


Based Indexed 


One or two bytes of immediate data are treated as a 
signed displacement that is added to two 16-bit registers 
(one of BP or BW with one of IX or IY) to form the 
effective address. This mode is useful for array address- 


ing. 
Bit 
Used with NOT1, SET1, CLR1, or TEST1. A 4-bit immedi- 


ate data value is used to select a bit in a 16-bit operand. 
For 8-bit operands, only 3 bits are used. 


Autoincrement/Autodecrement 


Some interactive operations (such as MOVBK or INS) will 
automatically increment or decrement index registers 
after each iteration. Specifically, IX is used in addressing 
a source pointer, and/or IY is used in addressing a 
destination pointer. After the operation, both will be 
incremented or decremented (according to the PSW DIR 
control flag) to point to the next operand in the array. 


INSTRUCTION ADDRESSING MODES 


These modes are basically the same as the operand 
addressing modes, but the PC is always used as the 
register. The seven modes are used in control transfer 
instructions: 


@ Direct 
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@ Relative 

e Register 

© Register indirect 
@ Indexed 

© Based 

® Based indexed 


Direct 


Four bytes of immediate data are taken as an absolute 
address and loaded directly into the PS and PC (and 
PFP). 


Relative 


One or two bytes of immediate data are a signed dis- 
placement that is added to the contents of the PC and 
then placed in the PC (and PFP). This mode is used to 
create position-independent code. 


Register 


The register selected by the instruction (AW, BW, etc.) 
contains an effective address, which is loaded into the 
PC (and PFP). 


Register Indirect 


An index register (IX, IY, or BW) points to a memory 
location that contains an effective address (short 
pointer) or a segment register value and an effective 
address (far pointer). This effective address is read from 
memory and loaded into the PS and/or PC (and PFP). 


Indexed 


One or two bytes of immediate data are a signed dis- 
placement that is added to the contents of a 16-bit index 
register (IX or IY) to form an effective address. This 
address is used to fetch another effective address, which 
is loaded into the PC (and PFP). 


Based 


One or two bytes of immediate data are a signed dis- 
placement that is added to the contents of a 16-bit base 
register (BP or BW) to form an effective address. This 
address is used to fetch another effective address from 
memory, which is then loaded into the PC (and PFP). 


Based Indexed 


One or two bytes of immediate data are a signed dis- 
placement that is added to the contents of two 16-bit 


register (one of BP or BW with one of IX or IY) toforman — 
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effective address. This address is used to fetch another 
effective address from memory, which is then loaded into 
the PC (and PFP). 


REGISTER CONFIGURATION 
Program Counter (PC) 


The PC is a 16-bit register that contains. the effective 
address of the instruction that is currently being exe- 
cuted. The PC is incremented each time the instruction 
decoder accepts a new instruction from the prefetch 
queue. The PC is loaded with a new value during execu- 
tion of a branch, call, return, or break instruction and 
during interrupt processing. 


Segment Registers (PS, SS, DSO, DS1) 


There are four segment registers, each of which contains 
the upper 16 bits of the base address of a 64K logical 
segment. Since logical segments reside on 16-byte 
boundaries, the lower 4 bits of the base address are 
always 0. Normal 20-bit memory addresses are formed 
by adding the 16-bit. effective address to the base ad- 
dress of one of the segments. When performing this 
operation, certain types of effective addresses will be 
paired with specific segment registers. . 


Segment Register Default Offset 
PS (program segment) PFP 


SP, effective address 
IX, effective address 
lY 


SS (stack segment) 
DSO (data segment 0) 
DS1 (data segment 1) . 


Program instructions will always be fetched from the 
program segment. Whenever the IY index register is used 
to address an operand, the DS1 segment register will be 
used. DSO is usually used with IX. Stack operations 
using the SP will always use the stack segment. For 
other effective addresses, the preceding table shows the 
default segment used, but another segment may be 
selected by using a segment override prefix instruction. 


General-Purpose Registers (AW, BW, CW, DW) 


The four 16-bit general-purpose registers can be ac- 
cessed as 16-bit or 8-bit quantities. When the AW, BW, 
CW, or. DW designations are used, the register will be 16 
bits. When AL, AH, BL, BH, CL, CH, DL, or DH is used, 
the register will be 8 bits. AL will be the low byte of AW, 
and AH the high byte, and so on. 


Some operations require the use of specific registers: 


AW Word multiplication/division, word I/O, data 
conversion 


AL Byte multiplication/division, byte !/O, BCD 
rotation, data conversion, translation 

AH Byte multiplication/division. 

BW _ Translation 

CW _ Shift instructions, rotation instructions, BCD 
operations 

DW Word multiplication/division, indirect addressing 
1/0 


Pointer (SP, BP) and Index (IX, IY) Registers 


These registers are used as base pointers and index 
registers when based, indexed, or based-indexed ad- 
dressing modes are used. They may also be used as 
general-purpose registers in data transfer, arithmetic, 
and logical instructions. They can only be accessed as 
16-bit registers. 


Some operations use these registers in specific ways: 


SP Stack operations 

IX Source pointer for block transfer, bit field, and 
BCD string operations 

lY Destination pointer for block transfer, bit field, 
and BCD string operations 


Program Status Word (PSW) 


The program status word reflects the status of the CPU 
with six status flags, and affects the operation of the 
CPU through three control flags: 


Status Flags Control Flags 

V Overflow DIR _ Direction 

S$ Sign IE Interrupt enable 
Z Zero BRK Break 

AC Auxiliary carry 

P Parity 

CY Carry 


The PSW cannot be accessed directly as.a 16-bit register. 
Specific instructions are used to set/reset the control 


‘flags. When the PSW is pushed on the stack (as during 


interrupt processing), the following image is used. 


Pata fst fst [Tv [om] | rk) 
15 ; te 8 
fs [zfofa]o |] er f+ [or | 
ee oe ee 0 
BUS OPERATION OVERVIEW 


The »PD70136 uses a synchronous bus interface. The 
CLK input. supplies the »PD70136 with a clock. All 
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p»PD70136 bus timings and instruction execution clock 
counts are specified relative to this clock. Bus cycles 
start on the falling edge of CLK. Each bus cycle is two 
clock periods long, and may be extended by adding wait 
states. 


Figure 9 is the state diagram of the bus control state 
machine. The first state of every bus cycle is T1, followed 
immediately by T2. READY is sampled on the rising 
(middle) edge of T2. If READY is not asserted, then the 
next bus state will be a TW wait state. TWs will be 
inserted until READY is sampled low, after which the bus 
cycle will finish. The dynamic bus sizing input, BS8/ 
BS16, is sampled at the same time as READY. 


Figure 9. Bus State Diagram 
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BUSRQ = 1 when a read or write bus cycle is requested. 





Address and bus status are output after the leading edge 
of T1 and are maintained until after the cycle is com- 
pleted. A strobe, BCYST, is asserted during T1 to indicate 
the beginning of a bus cycle. BCYST is output following 
the leading edge of T1 and is deasserted after the leading 
edge of T2. 


Write data is driven on Do-D45 following the rising (mid- 
dle) edge of T1 and is maintained until after the rising 
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edge of the cycle following T2 or the last TW. The read 
data is sampled on the trailing edge of T2 or the last TW 
state. A strobe (DSTB) gives the status of the uPD70136 
data bus. DSTB is asserted after the rising edge (middle) 
of T1. DSTB is deasserted after the rising edge of T2 or 
the last TW for a write cycle, and after the trailing edge of 
T2 or the last TW for a read cycle. 


1/O cycles are identical to memory cycles except for. the 
encoding of the bus status lines. However, six idle states 
are inserted after every I/O bus cycle to provide a 
recovery time for slow I/O devices. 


Dynamic Bus Sizing 


The »PD70136 supports dynamic bus sizing. On a cycle 
by cycle basis, the width of the data bus can be changed 
from 16 to 8 bits. This simplifies the connection of 8-bit 
W/O devices that may have internal registers at consec- 
utive byte addresses. Other 16-bit CPUs require two 
ROMs for startup code, but the nPD70136 dynamic bus 
sizing makes it possible to use a single 8-bit wide ROM. 


External logic requests an 8-bit data path by driving 
BS8/BS16 low in time for the »PD70136 to sample it on 
the rising edge of T2 (or TW). The »PD70136 will perform 
an additional bus cycle if needed to finish the operation 
in byte-wide pieces. 


Referring to tables 5 and 6, if the bus operation is 8 bits 
wide, no further bus cycles will occur For a read cycle, 
the data will be sampled on Do-D7. For a write cycle to an 
even address, data will be driven on Do-D7. On all byte 
writes to an odd address, the n»PD70136 will put the byte 
data on both upper and lower data buses; the write data 
will be on Do-D7 as well as Dg-D4. 


If the bus operation is 16-bit, then two bus cycles will be 
required. The first one, in which BS8/BS16 is sampled 
low, will handle the low byte. The second cycle will take 
the form of a byte read or write using Do-D7. 


Bus Cycle Types 


The 11 different types of »PD70136 bus cycles are 
classified as read, write, and acknowledge cycles. 


Read Cycles 


The read cycles are memory, I/O, coprocessor, data 
reads, and instruction fetch. All have the general timing 
described above. Coprocessor reads are used to access 
the internal registers of a coprocessor. Coprocessor data 
reads are used to transfer data from memory to an 
internal coprocessor register. — 
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Table 5. Write Cycle Bus Sizing 
16-Bit Bus (BS8/BS16 = 1) 8-Bit Bus (BS8/BS16 = 0) 
Type Address Ay UBE Cycle Dis-Ds D7-Do Dy5-Dg Dy-Do | 
Byte Even 0 1 ist Invalid Byte Invalid Byte 
Odd: 1 0 1st Byte Byte Byte Byte 
Word Even 0 1 1st Upper Lower Upper Lower 
1 0 2nd Not needed for 16-bit bus Upper Upper 
Odd 1 0 1st Lower Lower Lower Lower 
0 1 2nd Upper Upper Invalid Upper 
Table 6. Read Cycle Bus Sizing 
16-Bit Bus (BS8/BS16 = 1) 8-Bit Bus (BS8/BS16 = 0) 
Type Address ‘Ao UBE Cycle D15-Dg D7-Do Di5-Dg D7-Do 
Byte Even — 0 1 ist Not used Byte Not used Byte © 
Odd 1 0 1st Byte Not used Not used Byte 
Word Even 0 1 1st Upper Lower Not used Lower 
1 0 2nd Not needed for 16-bit bus Not used Upper 
Odd 1 0 ist Lower Lower Not used Lower 
0 1 2nd Not used Upper - Not used Upper 


1/0 and memory reads are used to transfer data to the 
pPD70136 from an I/O device or a memory location, 
respectively. Instruction fetches are used to fill the 
pPD70136’s 8-byte instruction queue from the memory 
space. 


Write Cycles 


There are four types of write cycles. Memory writes 
transfer data from the 4PD70136 to a memory location. 
/O writes transfer data from the »PD70136 to an I/O 
device. Coprocessor data writes transfer data from the 
coprocessor to a memory location. Coprocessor writes 
transfer data from the »PD70136 directly to a coproces- 
sor internal register. 


Interrupt Acknowledge Cycle 


The interrupt acknowledge operation takes two consec- 
utive INTAK bus cycles, The first cycle is used to freeze 
the state of an external interrupt controller, such as the 
».PD71059. The second INTAK bus cycle reads an 8-bit 
vector number on Dy-D7 supplied by the »PD71059. This 
vector number is used to index into the interrupt vector 
table to select an interrupt handler. 


Halt Acknowledge Cycle 


When a HALT instruction is executed, a halt acknowl- 
edge cycle is issued to notify external logic that the 


p#PD70136 is entering standby mode. This cycle is always 
two clocks long; READY is ignored and DSTB is not 
asserted. 








Hold Request and Hold Acknowledge 


At times, an external bus master will need to use the 
p#PD70136 bus. When the HLDRQ input is asserted by 
external logic, the »PD70136 recognizes this as a re- 
quest for external bus mastership. The »PD70136 will 
finish the current bus ‘operation, stop driving its address, 
data, and control buses, and assert HLDAK. The external 
device, such as the n»PD71071 or uPD71037 DMA control- 
ler, may then drive the.u.PD70136 bus. Note that if the 
current bus operation involves more than one bus cycle, 
such as a 16-bit access to an odd address or due to 
dynamic bus:sizing, the »PD70136 will finish both cycles 
before releasing the bus. 


If the current instruction uses the BUSLOCK prefix, 
HLDRQ will be ignored. This will be. indicated by the 
BUSLOCK output. Also, during interrupt acknowledge, 
BUSLOCK is asserted between the two INTAK cycles so 
that HLDRQ is ignored until after the second INTAK. 


SYSTEM INTERFACING 
System Memory Access Time 


Table 7 shows the system memory access time required 
for 12.5-MHz and 16-MHz »PD70136 systems to run with 
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zero, one, two, and three wait states. This is the time 
from when the address bus is valid to when the external 
system must present the read data on the data bus. 
These numbers are based on the preliminary ac timing 
given in this document and are subject to change. 


Table 7. Performance vs. Wait States 


12.5 MHz 16 MHz 
Memory System Relative Memory System Relative 


Number Cycle Access Perfor- Cycle Access Perfor- 
of Wait Time Time mance Time Time mance 
States (ns) (ns) (%) (ns) (ns)  (%) 

0 160 113 78 125 78 100 
1 240 193 64 187.5 140.5 8&2 
2 $20 273 52 250 203 67 
3 400 363 43 312.5 265.5 56 


Note: Performance Is relative to the 0 wait state, 16 MHz. 


Wait States 


Table 7 also shows the effect of wait states on perfor- 
mance. The »PD70136 overlaps bus interface operations 
in time with instruction execution. This greatly reduces 
the effect of wait states on performance. Each bus cycle 
is nominally two clocks long, while the minimum instruc- 
tion time is two clocks, with many instructions taking 
longer. There is some idle bus time when the CPU is 
processing a long instruction and the prefetch queue is 
full. Wait states can often fill these idle states. 


However, adding wait states to bus cycles reduces the 
bus bandwidth available for other bus masters, such as 
DMA controllers, since some of the idle time that would 
have been available to them is used for CPU cycles. 


Note that in all cases, a 16-MHz »PD70136 with N+1 
wait states is faster than a 12.5-MHz device with N wait 
states while using slower memories. 


Please note also that these numbers were measured 
using a particular set of benchmarks and should be used 
for comparison purposes only. Different results will be 
obtained for other program mixes. 


Interfacing to the »PD72291 Floating-Point — 
Coprocessor 


The »PD72291 (AFPP) is a_ very-high-performance 
floating-point coprocessor for the »PD70136 offering in 
excess of 530K floating-point operations per second at 
16 MHz. The AFPP is programmed as an extension of the 
»PD70136 instruction set. The AFPP executes floating- 
point operations, computes transcendental functions, 
and performs vector multiplications. 
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AFPP instructions use the FP01 and FP02 formats. When 
one of these opcodes is encountered and an AFPP is 
connected, a coprocessor protocol routine is entered. 
The »PD70136 will compute any effective addresses 
required, read or write the operands for the AFPP, and 
instruct the AFPP as to what operation should be per- 
formed. The AFPP reponds by asserting its BUSY output 
when it starts the operation. The 1PD70136 will not start 
another AFFP operation until BUSY is deasserted, but 
may execute CPU instructions. When BUSY is deas- 
serted, the »PD70136 will transfer the AFPP status to the 
AW register. 


Figure 10 shows how to connect a »PD70136 CPU toa 
p»PD72291 AFPP. Figure 11 shows a typical system. The 
CPU reads and writes status and commands to the AFPP 
using coprocessor read and write cycles, which always 
take two clocks. AFPP operands are written/read using 
coprocessor memory write/read cycles, which always 
require one wait state. External READY logic must take 
care to include this wait state. 





Figure 10. Connections Between »PD70136 and 


#PD72291 
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On RESET, CPBUSY is sampled. If it is low, the »PD70136 
assumes that a coprocessor is connected. CPERR is 
also sampled to determine what kind of coprocessor is 
connected, as follows. 


Figure 11. Typical u.PD70136 System 
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INTERRUPT OPERATION 


The interrupts supported by the »PD70136 can be di- 
vided into two types: interrupts generated by external 
interrupt requests and traps generated by software pro- 
cessing. They are: 


External Interrupts 


e NMI input (nonmaskable) 
e INT input (maskable) 


Software Traps - 


~@ Divide error during DIV or DIVU instruction 
ie Array bound error during CHKIND 
@ Single-step (PSW BRK flag =1) 
e@ Undefined instruction 
@ Coprocessor error 
e Coprocessor not connected 
e Break instructions 
BRKV BRK imms 
BRK3 BRKXA 
Interrupt Priorities 
Interrupts are prioritized as follows: 
NMI > INT > BRK flag > others at same level 


Interrupts are not accepted during certain times. NMI, 
INT and BRK flags are not accepted in these cases: 


(1) Between execution of MOV or POP that uses a 
segment register as an operand and the next in- 
struction. 


(2) Between a segment override prefix and the next 
instruction 


| (8) Between a repeat or BUSLOCK prefix and the next 
instruction 
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INT is not accepted when the PSW IE flag is 0, or 
between an RETI.or POP PSW and the next.instruction. 
Figure 12 is a flow diagram for processing interrupt 
requests. . 


Interrupt Vectors 


Once an interrupt has been accepted, an interrupt ser- 
vice routine will be entered. The address of this routine is 
specified by an interrupt vector, which is stored in the 
interrupt vector table. For most interrupts, the vector 
used depends on what interrupt is being processed (e.g., 
NMI always uses vector 2). For INT and BRK imms 
interrupts, any vector may be used; the vector number is 
supplied by an external device in the case of INT (e.g., a 
»PD71059), or by immediate data in the case of BRK. 


Figure 13 is the interrupt vector table. The table uses 1K 
bytes of memory—addresses 000H to 3FFH—and stores 
up to 256 vectors (4 bytes per vector). 
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Figure 12. Interrupt Prioritization Flow Diagram 
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Each interrupt vector consists of 4 bytes. The 2 bytes in 
the low addresses of memory are loaded into PC as the 
offset, and the 2 high bytes are loaded into PS as the 
base address. Interrupt vector 0 in figure 14 is an exam- 
ple. The bytes are combined in reverse order. The lower- 
order bytes in the vector become the most significant 
bytes in the PC and PS, and the higher-order bytes 
become the least significant. 


Based on this format, the contents of each vector should 
be initialized at the beginning of the program. The basic 
mechanism for servicing an interrupt is: 


(SP ~ 1, SP — 2) <- PSW 
(SP ~ 3, SP - 4) — PS 
(SP - 5, SP -6) — PC 
SP <— SP-6 

IE <— 0, BRK 0 

PS < vector high bytes 
PC <- vector low bytes 


Figure 13. Interrupt Vector Table 
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Figure 14. Interrupt Vector 0 
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During interrupt servicing, the third item pushed on the 
stack is the return PC value. For some types of traps 
(divide error, CHKIND, illegal opcode, AFPP error, co- 
procesor not present, or other CP error), this value points 
to the instruction that generated the trap. For the other 
interrupts (single-step, BRK3, BRKV, NMI, or INT), this 
value points to the next instruction. Trap handlers for 
error traps can thus easily find the offending opcode, 
and other handlers can simply return after processing 
the interrupt. 


STANDBY FUNCTION 


The »PD70136 offers two standby modes to reduce 
power consumption: HALT and STOP. Both are entered 
after executing a HALT instruction. 


HALT Standby Mode 


In the HALT standby mode, the internal clock is supplied 
only to those circuits related to functions required to exit 
this mode and bus hold control functions. As a result, 
power consumption is reduced to one-fifth the level of 
normal operation. 


The HALT standby mode is exited when RESET or an 
external interrupt (NMI, INT) is received. If INT is used 
and interrupts were enabled before the HALT state was 
entered, an INTAK cycle will be performed to fetch a 
vector number. The interrupt service routine will be 
executed. After RETI, execution will resume with the 
instruction following the HALT. If interrupts were dis- 
abled, the interrupt service routine will not be entered, 
but execution will resume with the instruction following 
the HALT. 


If NMI is used to exit the HALT standby mode, the NMI 
service routine will always be entered. 


The bus hold (HLDRQ/HLDAK) function still operates 
during HALT standby mode. The CPU returns to HALT 
standby mode when the bus hold request is removed. 


During HALT standby mode, when all control outputs go 
low, the address and data buses will be either high or 
low. Refer to table 1 for information about the states of 
other outputs in the standby mode. 
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STOP Standby Mode 


In the STOP standby mode, the »PD70136 clock is 
stopped for maximum power reduction. To enter this 
mode, special steps must be taken to prepare the 
»PD70136 for having its clock stopped. 


INT, NMI and HLDRQ must not be asserted while the 
uPD70136 is in STOP mode, or for at least 10 clock 
periods before STOP is entered, or for at least 10 clock 
periods after STOP mode is exited. External hardware 
must ensure that these intputs are not asserted during 
this time. 


STOP mode is entered by disabling NMi, INT, and 
HLDRQ, entering the HALT standby mode, and stopping 
the clock input 10 clock periods after the HALT acknowl- 
edge but cycle is issued. The CLK input must be stopped 
during the low phase of the clock. STOP mode is exited 
when external logic starts the clock, waits 10 clock 
periods, and enable NMI, INT, and HLDRQ; the 
»PD70136 will return to the HALT standby mode. 


All output pins in STOP mode are in the same state as in 
HALT standby mode. Refer to table 1. 


INSTRUCTION SET HIGHLIGHTS 


Enhanced Instructions 


In addition to the pPD8088/86 instructions, the 
#PD70136 has enhanced instructions listed in table 8. 


Table & Enhanced Instruction 


Instruction Function 

PUSH Imm Pushes immediate data onto stack 

PUSH R Pushes 8 general registers onto stack 

POPR Pops 8 general registers onto stack 

MULL imm Executes 16-bit multiply of register or memory 
contents by immediate data 

SHL imms Shifts/rotates register or memory by immediate 

SHR imms value 

SHRA imms 

ROL imms 

ROR imms 

ROLC imms 

RORC imms 

CHKIND Checks array index against designated 
boundaries 

INM Moves a string from an I/O port to memory 

OUTM Moves a string from memory to an I/O port 

PREPARE Allocates an area for a stack frame and copies 
previous frame pointers 

DISPOSE Frees the current stack frame on a procedure exit 





Enhanced Stack Operation Instructions 


PUSH imm. This instruction allows immediate data to 
be pushed onto the stack. 


PUSH R; POP R. These instructions allow the contents 
of the eight general registers to be pushed onto or 
popped from the stack with a single instruction. 


Enhanced Multiplication Instructions 


MUL regi6, imm16; MUL memi16, imm16. These in- 
structions allow the contents of a register or memory 
location to be multiplied by immediate data. 


Enhanced Shift and Rotate Instructions 


SHL reg, imm8; SHR reg, imm8; SHRA reg, immés. 
These instructions allow the contents of a register to be 
shifted by the number of bits defined by the immediate 
data. 


ROL reg, imm8; ROR reg imms; ROLC reg, imms; 
RORC reg, imm8és. These instructions allow the contents 
of a register to be rotated by the number of bits defined 
by the immediate data. 


Check Array Boundary Instruction 


CHKIND regi6, mem32. This instruction is used to 
verify that index values pointing to the elements of an 
array data structure are within the defined range. See 
figure 15. The lower limit of the array should be in 
memory location mem32, the upper limit in mem32 + 2. If 
the index value in reg16 is not between these limits when 
CHKIND is executed, a BRK 5 will occur. This causes a 
jump to the location in interrupt vector 5. 


Figure 15. Check Array Boundary 
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Block I/O Instruction 


OUTM DW, src-block; INM dist-block, DW. These in- 
structions are used to output or input a string to or from 
memory, when preceded by a repeat prefix. 
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Stack Frame Instruction 


PREPARE immi6,imms. This instruction is used to 
generate the stack frames required by block-structured 
languages, such as PASCAL and Ada. The stack frame 
consists of two areas. One area has a pointer that points 
to another frame which has variables that the current 
frame can access. The other is a local variable area for 
the current procedure. 


DISPOSE. This instruction releases that last stack frame 
generated by the PREPARE instruction. It returns the 
stack and base pointers to the values they had before 
the PREPARE instruction was used to call a procedure. 


Unique Instructions 


In addition to the »PD8088/86 instructions and the en- 
hanced instructions, the 4#PD70136 has the unique in- 
structions listed in table 9. 


Table 9. Unique Instructions 

Instruction Function 

INS Insert bit field 

EXT Extract bit field 

ADD4S Adds packed decimal strings . 

SUB4S Subtracts one packed decimal string from 
another 

CMP4S Compares two packed decimal strings 

ROL4 Rotates one BCD digit left through AL lower 4 bits 

ROR4 Rotates one BCD digit right through AL lower 4 bits 

BRKXA Break and enable expanded addressing 

RETXA Return from break and disable expanded 
addressing 

TEST1 Tests a specified bit and sets/resets Z flag 

NOT1 Inverts a specified bit 

CLRI1 Clears a specified bit 

SET1 Sets a specified bit 

REPC Repeats next instruction until CY flag is cleared 

REPNC Repeats next instruction until CY flag is set 

FPO2 Additional floating-point processor call 


Variable Length Bit Field Operation Instructions 


This category has two instructions: INS (Insert Bit Field) 
and EXT (Extract Bit Field). These instructions are 
highly effective for computer graphics and high-level 
languages. They can, for example, be used for data 
structures such as packed arrays and record type data 
used in PASCAL. 
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INS reg8, reg8; INS reg8, imm4. This instruction trans- 
fers low bits from the 16-bit AW register (the number of 
bits is specified by the second operand) to the memory 
location specified by the segment base (DS1 register) 
plus the byte offset (IY register). The starting bit position 
within this byte is specified as an offset by the lower 4 
bits of the first operand. See figure 16. 


After each complete data transfer, the lY register and the 
register specified by the first operand are automatically 
updated to point to the next bit field. 


Either immediate data or a register may specify the 
number of bits transferred (second operand). Because 
the maximum transferable bit length is 16 bits, only the 
lower 4 bits of the specified register (00H to OFH) will be 
valid. 


Bit field data may overlap the byte boundary of memory. 


Figure 16. Bit Field insertion 
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EXT reg8, reg8; EXT reg8, imm4. This instruction 
loads to the AW registers the bit field data whose bit 
length is specified by the second operand of the instruc- 
tion from the memory location that is specified by the 
DSO segment register (segment base), the IX index 
register (byte offset), and the lower 4 bits of the first 
operand (bit offset). See figure 17. 


After the transfer is complete, the IX register and the 
iower 4 bits of the first operand are automatically up- 
dated to point to the next bit field. 


Either immediate data or a register may be specified for 
the second operand. Because the maximum transfer- 
able bit length is 16 bits, however, only the lower 4 bits of 
the specified register (00H to OFH) will be valid. 


Bit field data may overlap the byte boundary of memory. 
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Figure 17. Bit Field Extraction 
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Packed BCD Operation Instructions 


The instructions described here process packed BCD 
data either as strings (ADD4S, SUB4S, CMP4S) or byte- 
format operands (ROR4, ROL4). Packed BCD strings 
may be from 1 to 254 digits in length. 


When the number of digits is even, the zero (Z) and carry 
(CY) flags will be set according to the result of the 
operation. When the number of digits is odd, the Z and 
CY flags may not be set correctly. In this case (CL = 
odd), the Z flag will not be set unless the upper 4 bits of 
the highest byte are all Os. The CY flag will not be set 
unless there is a carry out of the upper 4 bits of the 
highest byte. When CL is odd, the contents of the upper 
4 bits of the highest byte of the result are undefined. 


ADD4S. This instruction adds the packed BCD string 
addressed by the IX index register to the packed BCD 
string addressed by the IY index register, and stores the 
result in the string addressed by the IY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the V (overflow), CY, and Z flags . 


BCD string (IY, CL) < BCD string (IY, CL) + BCD string 
(IX, CL) 


SUBAS. This instruction subtracts the packed BCD 
string addressed by the IX index register from the 
_ packed BCD string addressed by the IY register, and 
stores the result in the string addressed by the IY 
register. The length of the string (number of BCD digits) 
is specified by the CL register, and the result of the 
operation will affect the V, CY, and Z flags. 


BCD string (IY, CL) <- BCD string (IY, CL) — BCD string 
(IX, CL) 


CMP4S. This instruction performs the same operation 
as SUB4S except that the result is not stored and only 
the V, CY, and Z flags are affected. 


BCD string (IY, CL) - BCD string (IX, CL) 


ROL4. This instruction treats the byte data of the regis- 
ter or memory operand specified by the instruction as 
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BCD data and uses the lower 4 bits of the AL register 
(AL,) to rotate that data one BCD digit to the left. See 
figure 18. 


Figure 18. BCD Rotate Left 
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ROR4. This instruction treats the byte data of the regis- 
ter or memory specified by the instruction as BCD data 
and uses the lower 4 bits of the AL register (AL) to rotate 
that data one BCD digit to the right. See figure 19. 


Figure 19. BCD Rotate Right 
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Bit Manipulation Instructions 


TEST1. This instruction tests a specific bit in a register 
or memory location. If the bit is 1, the Z flag is reset to 0. 
If the bit is 0, the Z flag is set to 1. 


NOT1. This instruction inverts a specific bit in a register 
or memory location. 


CLR1. This instruction clears a specific bit in a register 
or memory location. 


SET1. This instruction sets a specific bit in a register or 
memory location. | 


Repeat Prefix Instructions 


REPC. This instruction causes the »PD70136 to repeat 
the following primitive block transfer instruction until 
the CY flag becomes cleared or the CW register be- 
comes zero. 


REPNC. This instruction causes the 1PD70136 to repeat 
the following primitive block transfer instruction until 
the CY flag becomes set or the CW register becomes 
zero. ; i, 


Address Expansion Control Instructions 


BRKXA imm8&s. This instruction is used to turn on ex- 
panded addressing. The 8-bit immediate data specifies 
an interrupt vector. The PC field of this vector is loaded 
into the PC (and PFP). The XA flag in the XAM register is 
set to 1, thereby enabling the expanded addressing 
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mode. The »PD70136 will begin fetching from the new 
PFP through the address translation table. That is, the 
new PC is treated as a logical address and is translated 
to the new, larger physical address space. 


This instruction does not save any return address infor- 
mation, such as PC, PS, or PSW to the stack. 


RETXA immé. This instruction is used to turn off ex- 
panded addressing. It is identical in operation to BRKXA, 
except that the expanded addressing mode is turned off 
before fetching from the new address. That is, the XA flag 
in the XAM register is set to 0, and the PC is loaded with 
the value of the PC field in the interrupt vector selected 
by the immediate data. 


This instruction does not save any return address infor- 
mation such as PC, PS, or PSW to the stack. 


Porting »PD70116/70108 Code to »PD70136 


The »PD70136 is completely software compatible with 
the »PD70116/70108. However, the »PD70136 offers 
some improvements that may affect the porting of 
uPD70116 code to the 4PD70136. These improvements 
are: 


(1) The »PD70116 does not trap on undefined opcodes. 
The »PD70136 will trap, and also will trap when a 
register addressing mode is used for any of these 
instructions: 


CHKIND 
MOV DSO0/DS1 
CALL 1,id 


During signed division (DIV), if the quotient is 80H 
(byte operation) or 8000H (word), the n.PD70116 will 
take a Divide By 0 trap. The 1PD70136 will perform 
the calculation. 


When the 4PD70116 executes the POLL instruction, 
it will wait for the POLL input signal to be asserted. 
The »PD70136 has no POLL input; instead, when this 
instruction is executed, if a coprocessor is not 
connected, then a Coprocessor Not Present trap will 
be taken. If a coprocessor is attached, then no 
operation takes place. 


The »PD70116 accepts FP01 and FP02 as opcodes 
for the iAPX8087 coprocessor. The wPD70136 ac- 
cepts these as opcodes for the 4PD72291 coproces- 
sor, which is not compatible with the iAPX8087. 


During the POP R instruction, the »PD70116 does 
not restore the SP register The »PD70136 does 
restore the SP. 


LDEA 
BR 1,id 


(2 


— 


(3 


— 


(4 


— 
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(5) When processing a divide error, the »PD70116 saves 
the address of the next instruction. The »PD70136 
saves the address of the current instruction (the 
divide instruction). 


(6 


— 


The »PD70116 allows up to 3 prefix instructions in 
any combination. The ».PD70136 also allows 3 pre- 
fixes, but only one of each type can be used. The 
uPD70136 could operate incorrectly if there are two 
prefixes of the same type. For example, consider: 


REP 
REPC 
CMPBK SS: src-block, dst-block 


If the compare operation is interrupted, then when it 
resumes following the interrupt service, execution 
will begin at the REPC instruction, not the REP 
instruction, because two repeat prefixes were used. 


(7) The »zPD70116 accepts NMI requests even while 
processing an NMI. The »PD70136 does not allow 
nesting of NMIs; the NMI input will be ignored until 


the NMI interrupt handler is exited. 


INSTRUCTION SET 
Symbols 


Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 


Clocks 


In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction exe- 
cution. 


— 


Clock timings assume the instruction has been 
prefetched and is present in the 8-byte instruction 
queue. Otherwise, add two clocks for each pair of bytes 
not present. 


Word operands require two additional clocks for each 
transfer to an unaligned (odd address) memory operand. 
These times are shown on the right side of the slash (/). 


For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if the 
transfer or branch takes place. The number on the right 
side is applicable if it does not take place. 


If a range of numbers is given, the execution time 
depends on the operands involved. 


NEC 
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Symbols 


Symbol 
acc 

duso 
dmem 
dst 
ext-disp8 


far_label 
far_proc 
fp_op 
imm 
imrm3/4 
imms 
imm16 
mem 


mems 
memié 
mem32 
memptrié 


memptr32 


mod 
near_label 
near_proc 
offset 
pop_value 
reg 


regs 
regié 
regptr 


regptrié 


seg 
short_label 


Meaning 
Accumulator(AW or AL) 
Displacement (8 or 16 bits) 
Direct memory address 
Destination operand or address 


16-bit displacement (sign-extension byte + 8- 
bit displacement) 


Label within a different program segment 
Procedure within a different program segment 
Floating-point instruction operation 
8- or 16-bit immediate operand 

8- or 4-bit immediate bit offset 

8-bit immediate operand 

16-bit immediate operand 


Memory field (000 to 111); 8- or 16-bit memory 
location 


8-bit memory location 
16-bit memory location 
82-bit memory location 


Word containing the destination address within 
the current segment 


Double word containing a destination address in 
another segment 


Mode field (00 to 10) 

Label within the current segment 
Procedure within the current segment 
Immediate offset data (16 bits) 

Number of bytes to discard from the stack 


Register field (000 to 111); 8- or 16-bit general- 
purpose register 


8-bit general-purpose register 
16-bit general-purpose register 


16-bit register containing a destination address 
within the current segment 


Register containing a destination address within 
the current segment 


. Immediate segment data (16 bits) 


Label between ~—128 and +127 bytes from the 
end of the current instruction 


Segment register 

Source operand or address 
Temporary register (8/16/32 bits) 
Auxiliary carry flag 

Accumulator (high byte) 
Accumulator (low byte) 





Meaning 

Accumulator (16 bits) 
BW register (high byte) 
BW register (low byte) 
BP register 

Break flag 

BW register (16 bits) 
CW register (high byte) 
CW register (low byte) 
CW register (16 bits) 
Carry flag 

DW register (high byte) 
Direction flag 





DW register (low byte) 

Data segment 0 register (16 bits) 
Data segment 1 register (16 bits) 
DW register (16 bits) 

Interrupt enable flag 

index register (source) (16 bits) 
Index register (destination) (16 bits) 
Mode flag 

Parity flag 

Program counter (16 bits) 

Program segment register (16 bits) 
Program status word (16 bits) 
Register set 


Sign extend operand field 
S$ = No sign extension 
$ = Sign extend immediate byte operand 


Sign flag 

Stack pointer (16 bits) 

Stack segment register (16 bits) 
Overflow flag 

Word/byte field (0 to 1) 


Data to identify the Instruction code of the 
external floating-point arithmetic chip 


Two-digit hexadecimal value 
Four-digit hexadecimal value 
Zero flag 
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Flag Operations Register Selection (mod = 11) 
Symbol Meaning reg Ww=0 wWwe=i1 
(blank) No change 000 AL nd. AW 
0 Cleared to 0 . 001 CL cw 
1 Set to 1 010 DL DW 
x Set or cleared according to result 011 BL BW 
u Undefined 100 AH SP 
R Restored to previous state 101 CH BP 
110 DH IX 
Memory Addressing Modes a ope ee 
mem mod = 00 mod = 01 mod = 10 rot 
000 BW + Ix BW+IX+disp8 BW+IX+dispi¢ Segment Register Selection 
001 BW + lY BW + lY + disp8 BW + lY + disp16 sr Segment Register 
010 BP + IX BP + IX + disp8 BP + IX + disp16 00 DSi 
011 BP+lY — BP + IY + disp8 BP + lY + disp16 01 PS 
100 IX IX + disp8 IX + disp16 10 Ss 
101 VW _ IW + disp8 lY + disp16 11 DSO 
110 Direct BP + disp8 BP + disp16 
111 BW BW + disp8 BW + dispi6 
Instruction Set 
Opcode Flags 
Mnemonic Operand 76543210 765 4 3 210 Clocks Bytes AC CY VPS Zz 
Data Transfer Instructions 
MOV reg, reg 1000%10141W 141 reg reg 2 2 
mem, reg 1000 1 00 W~ mod reg mem 3/5 2-4 
reg, mem 1000 1 0 1 W~ mod reg mem 5/7 2-4 
mem, Imm 1.100 0 1 1 W_~ mod 000 mem = 3/5 3-6 
reg, imm 101 1 W reg 2 2-3 
acc, dmem 1010000 W , 5/7 3 
dmem, acc 1010001 W 3/5 3. 
. SF, reg16 1000111 «0 110 = reg 2 2 
st, mem16 1000.1 41 1 0 mod 0O- sr mem 5/7 2-4 
regi6, sr 100031100 14410 gs reg 2 2 
memi16, sr 1000110 0.mod 0 fs mem 3/5 2-4 
DSO, regi6é,mem382 1100010 1 mod reg mem 10/14 2-4 
DSI, regié, mem382 1100010 0 mod reg mem 10/14 2-4. 
AH, PSW 10011414 1 2 4d 
PSW, AH 100111411 «0 2 1 x xX x xX X 
LDEA regi6, mem16 1000110 #0 mod reg mem 2 2-4 
TRANS sre_table 110141 041 «1 5 1 
XCH reg, reg 100003131 W 11 reg reg 3 2 
mem, reg 1000 011 W- mod reg mem 8/12 2-4 
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Instruction Set (cont) : 























Opcode Flags 
Mnemonic Operand 76543210 76 5 4 3 2 1 «0 Clocks Bytes AC CY V P S$ Z 
Data Transfer Instructions (coni) 

XCH (cont) AW, regi6 1001 0 reg 3 1 
Repeat Prefixes 
REPC 01141004810 «41 1 
REPNG 0110010 0 1 
REP 114110011 1 
REPE 
REPZ 
REPNE 111141 001 0 2 1 
REPNZ 
Block Transfer Instructions 
MOVBK dst, sre 10100310 W 1 
3 + 4n (W = OQ) 
3 + 4n (W = 1, even addresses) 
3 + 8n (W = 1, odd addresses) 
3 + 6n (W = 1, odd/even addresses) 
CMPBK _dst, src 10100%1%1W 1 x x xX X X X 
3 + 7n (W = 0) 
3 + 7n (W = 1, even addresses) 
3 + 11n (W = 1, odd addresses) 
3 + 9n (W = 1, odd/even addresses) 
CMPM dst 10310 % 11 +4%W 1 x“ x x x xX XxX 
3 + 5n (W = 0Q) 
3 + 5n (W = 1, even addresses) 
3 + 7n (W = 1, odd addresses) 
LDM src 1010 1 1 0O0W 1 
5 + 2n (W = 0) 
5 + 2n (W = 1, even addresses) 
5 + 4n (W = 1, odd addresses) 
STM dst 10140101 W 1 
3 + 2n (W = 0) 
3 + 2n (W = 1, even addresses) 
3 + 4n (W = 1, odd addresses) 
n = number of returns 
String instruction execution clocks for a single-instruction execution are in parentheses. 
1/0 Instructions 
IN ace, imms 171100310 W 5/7 2 
acc, DW 141101 10O0W 3/5 1 
OUT immé, acc 11100%1%1W 3/5 20 
DW, acc 11-10 1 141 1 W 3/5 1 
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instruction Set (cont) 








Opcode Flags 
Mnemonic Operand 76543 210 765 4 3 2 1 O Clocks Bytes AC CY V P S$ Z 
1/0 Instructions (cont) 
INM dst, DW 01310131 0W 1 
3 + 11n (W = 0) 


3 + 8n (W = 1, even addresses) 

3 + 22n (W = 1, odd addresses) 

3 +20n (W = 1, odd/even addresses; 
odd for I/O) 

3 + 18n (W = 1, odd/even addresses; 
odd for memory) 


OUTM DW, sre 011041 «1 *W 1 


3 + 11n (W = 0) 

3 + 8n (W = 1, even addresses) 

3 + 22n (W = 1, odd addresses) 

3 + 20n (W = 1, odd addresses; 
odd for I/O) 

3 + 138n (W = 1, odd addresses; 
odd for memory) 


n = number of transfers 
String instruction execution clocks for a single-instruction execution are in parentheses. 
Use the right side of the slash (/) for DMA I/O accesses. 








BCD Instructions 
ADJBA 001% 0411 41 4 1 xX ™%’ uouuiu 
ADJ4A 0010 0311 1 2 1 x xX u xX X X 
ADJBS 0oo%4%4%1%11 41 4 1 x ™‘M uouiuiu 
ADJ4S 0010%1%1% 1 2 1 x ™® u xX X X 
ADD4S dst, src 0000111 141 00313100000 2+ 18n 2 u- xX Ui uuU xX 
SUB4S dst, src 0000111 1 0010001 0 2+ 18n 2 u_ x uuu xX 
CMP4S dst, src 000011 1 4 001001 1 0 7+ 14n 2 u- xX uuiuU xX 
ROL4 reg8 0000111 1 003104141 000 9 3 
1100 0 reg 
mems 0000 114% 1 00101000 1 3-5 
mod 0 0 O mem 
ROR4 reg8 0000 114147 1 00101 013 0 18 3 
00 0 reg 
mems 000014111 1 0010101310 19 3-5 
mod 0 0 0 mem 
n = number of BCD digits divided by 2 
Data Type Conversion Instructions 
CVTBD 171031043400 0800034 01 0 12 2 u- uu xX X X 
CVTDB 1101010 1 00001 01 0 8 2 uo uouxXxX X Xx 
CVTBW 100% 100 0 2 1 
CVTWL 10031100 41 2 1 





© 
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Instruction Set (cont) 





Opcode Flags 
Mnemonic Operand 765483210 76 85 4 3 2 1 «0 Clocks Bytes AC CY V P S Zz 
Arithmetic Instructions 
ADD reg, reg 0000001 W 1 1 reg reg 2 2 x xX xX X X XxX 
mem, reg 0000000 W=— mod reg mem = 7/11 2-4 x x xX X X X 
reg, mem 0000 001 W~— mod reg mem 6/8 2-4 x -*% X X X X 
reg, imm 100000S$ W 11000 reg 2 3-4 x xX xX X X X 
mem, imm 100000S8S W mod 0 00 mem *7/11 86 x x xX X xX X 
acc, imm 0000010 W 2 23 x“ xX xX X X X 
ADDC reg, reg 0001001 W 1 1 reg reg 2 2 x x X X X X 
mem, reg 0001 0 00 W~ mod reg mem 7/11 24 %* x“ xX X X X 
reg, mem 0001 00 1 W- mod reg mem 6/8 24 % xX xX X X X 
reg, imm 100000S$ W 1101 0 reg 2 3-4 x xX xX X X X 
mem, imm 1000 00S W mod 0 10 =mem “7/11 86 x x xX X X XxX 
acc, imm 000101 0W 2 2-3 x x“ XxX X X X 
SUB reg, reg 00aq0310%10%14 W 1 1 reg reg 2 2 x xX xX X X X 
mem, reg 0010 1 00 W~— mod reg mem 7/11 2-4 x x xX X X X 
reg, mem 0010 1 0 1 W- mod reg mem 6/8 24 % xX xX X X X 
reg, imm 1000008 W 1411410 1 reg 2 3-4 x x xX xX xX Xx 
mem, imm 10000 08S W mod 101 mem “7/11 36 x %x* X X X X 
acc, Imm 0010110 W 2 23 % xX xX X X X 
SUBC reg, reg 000%110%1 W 11 reg reg 2 2 x x X X X X 
mem, reg 0001 141 00 W~= mod reg mem = 7/11 24 % -x* X X X X 
reg, mem 0001 4 01 W- mod reg mem 6/8 2-4 x xX X X X XxX 
reg, imm 10000eodS W 11401 1 reg 2 8-4 x xX xX X X X 
mem, imm 1000 00S W mod 011 jqmem “7/11 386 x xX X X X X 
ace, imm 0001 1 410 W 2 2-3 x Mx XX X X X 
INC reg8 114141141 0 #4141000 reg 2 2 x x x X X 
mem 14143141314 41 114 W mod 0 00 mem 7/11 2-4 x x X X X 
regié 0100 0 reg 2 1 x x xX xX Xx 
DEC reg8 14143111471 «0 1 $1 1 reg 2 2 x x xX X X 
mem 1111 #1 #94 1 W- mod 0 1 mem 7/11 2-4 x x xX X X 
regi6 0100 1 reg 2 1 x x x xX Xx 
MULU regs 1111 0141 0 4141 100 reg 8 2 u_ x x uiuUiU 
regi6 1414141 0%11@«=41 11100 reg 12 2 u- x XxX UU iU 
mems 11311034 1 «0 mod 100 mem_=e 12 2-4 u xX xX uuUiU 
memi1é 11110141 «41 mod 100 mem _— 16/18 2-4 u- xX .xX U uu 
MUL reg8 11313141 04141 £«0 1131041 reg 8 2 u x xX UuiuiuU 
regi6 11% 104141 «41 113101 reg 12 2 u x x UuUiUuUiU 
mems 113% 31 0141 40 mod 1 0 1 mem 12 2-4 u- x x uuu 
memi6 113110411 «i1 mod 1 0 1 mem = 16/18 2-4 u. Xx xX uUuUiU 
regi6, regi6,imm8 O 110 101 1 1 $1 reg reg 12 3 u x x UU iU 





© 
© 


pPD70136 (V33) NV. E Cc 


Instruction Set (cont) 























Opcode Flags 
Mnemonic Operand 76543 210 7 65 4 3 2 1 O Clocks Bytes AC CY V P S$ Zz 
Arithmetic instructions (cont) 
MUL regi6, mem16, 01103101 41 mod teg mem 16/18 3-5 u, xX xX UUiU 
(cont) imms ; 
regi6, regi6, 01103100 1 1 $1 reg reg 12 4 u x x uuu 
immié 
regi6, mem16, 01140 100 14 = mod reg mem 16/8 4-6 u x x UuUiYU 
imm16 
DIVU reg8 1%74141 0411 «0 1131310 reg 11 2 u uu.ueououiou 
| regié 1414311 0% 1 «41 113110 reg 19 2 u uuu oui.u 
mems 14144 04% 0 mod 11410 men 15 24 uo ouiuuiu5iu 
‘mem16 14314310414 «41 mod 110 mem 23/2 . 2-4 u uo uuiouiu 
DIV regs 11110440 444144 ~ «249169 16 2 u ouueu4.48 8 
regié 11311 0411 «41 17414 «1 reg 24 2 u u-uuiuUi4u 
mems 1441 04 4 0 mod 111 &=+mem= 20 24 uo ouiuueidouu 
memi6 1143131 044 «1 mod 1 1 14 mem 28/30 2-4 uucuuiwuiu 
Comparison Instructions 
CMP reg, reg 00111014 W 1 4 teg Teg 2 2 x x X X X X 
mem, reg 001 4 1 0 0 W~ mod reg mem 6/8 2-4 x x X X X XxX 
reg, mem 0011 1 0 1 W- mod reg mem 6/8 2-4 Xx -% X X X XK 
reg, imm 100000S W 414114 1 reg 2 3-4 x x XxX X X X 
mem, imm 1000008 W _ mod 11°41 mem 6/8 3-6 x x:X X X X 
ace, imm 0011 1%1410W 2 23 % XxX xX X X X 
Logical Instructions 
NOT reg 1111 04 1W 44101 «0 reg 2 2 
mem 14141 0114 W mod 0 10 mem 7/11 24 
NEG “reg 11%4%40%4%4W 1410441 +#«wg 2 2 x x x x x x 
/ mem 11°11 01 1 W mod 0 114 #+Xmem 7/11 24 % x X X X X 
TEST reg, reg 1000010W 11 Treg teg 2 2 u 0 Ox x x 
mem, reg 1000 0% 0 W~— mod reg. mem 6/8 ~ 2-4 u 0 OX x x 
reg, imm 1111 041 W 441 00 0 reg 2 3-4 u 0 Ox x x 
mem, Imm 1141 0411 W mod 0 00 mem 68 36 ui 0 0x x x 
acc, imm 101031 00W 2 2-3 u 0 0OxXx x x 
AND reg, reg 0010001W 141 reg reg 2 2 u' oO OxXx x x 
mem, reg 0010 000 W~ mod teg mem = 7/11 2-4 u' oO Ox x x 
reg, mem 0010 0 0 1 W~ mod reg mem 6/8 24 u 0 0x x x 
reg, Imm 1000000W 11100 weg: 2 84 u 0 0x x x 
mem, imm 1000 000W mod 100 mem *7/11 36 u 0 Ox xX x 
_ acc, imm 0000110 W 2 2-3 u QO Ox x x 
OR. reg, reg 0000101 W 14-4 reg tfeg 2 2 u 0 ox x x 
0000 1 00 W-~ mod _— reg mem 7/11 24 u 00x x x 


“mem, reg 
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Mnemonic Operand 


Logical Instructions (coni) 








Opcode 
76543 21 0 


765 43 2 1 0 Clocks 
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Flags 
Bytes AC CY VP S Z 


OR (cont) reg, mem 0000 1 0 1 W~ mod reg mem 6/8 2-4 u Oo OX x x 
reg, imm 1000000W 1%4%400 1 reg 2 3-4 u 0 OX x x 
mem, imm 1000 000 W mod OO 1 mem = 7/11 3-6 u Oo Ox x x 
acc, Imm 0000%1%10W 2 2-3 u'- oO Ox x x 
XOR reg, reg 001314001 W 11 reg reg 2 2 u- 0 Ox x x 
mem, reg 00114 0 00 W~ mod reg mem = 7/11 2-4 u'- 0 0OxXx x x 
reg, mem 0014 0 0 1 W- mod reg mem 6/8 2-4 u' Oo OxXx x x 
reg, imm 1000000W 11 14 4 0 reg 2 3-4 u' oO Ox x x 
mem, imm 10000 00W mod 110 jmem “7/11 3-6 u 0 0x%Xx x x 
acc, imm 0o0o1%10%10W 2 2-3 u 0 OxXx x x 
Bit Manipulation Instructions 
INS reg8, reg 0000111 = =14 001% 00 0 1 = #=87-61/ 3 
1 $1 reg reg 39-77 
reg8, imm4 0000% 11 «1 001% 1 0 0 1 = 87-69/ 4 
110 0 0 reg 39-77 
EXT reg8, reg8 0000111 1414 001 100 1 1 = 29-61/ 3 
11 reg reg 33-63 
reg8, imm4 000011411 1 001 11 0 1 1 = 29-61/ 4 
1100 0 reg 33-63 
TEST1 reg, CL 0000 141% 1 0001000W4 3 u- Oo Ouiu x 
11000 reg 
memé, CL 000014111 1 000310000 8 85 u 0 Ou uu x 
mod 0 0 O mem 
mem16, CL 0000%14%i1%1 1 0001 00 0 1 8/10 35 u 0 Ou iu xXx 
mod 0 0 0O mem 
reg, imm3/4 00001114 41 00014700 W4 4 u 0 O uu xX 
1 00 0 reg 
memés, imm3 00001141 1 00011000 18 46 u 0 Ou uU xX 
mod 0 0 0 mem 
mem16, Imm4 00001%1% 1 000414 100 1 «8/10 46 u 0 Ou iuU xX 
mod 0 0 0 mem 
SET1 reg, CL 0000141%1% 1 000101 0W4 3 
00 0 teg 
mem, CL 00001%i41%11 000101 0W89 3-5 
mod 0 0 0. mem 
reg, imm3/4 00001111 00011 10O0W4 4 
1 00 0 reg 
mems, imms 0000111 1 0001311009 4-6 
mod 0 0 0 mem 
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Instruction Set (cont) 




















Opcode Flags 
Mnemonic Operand - 76543 21 0 765 4 3 2 1 =O Clocks Bytes AC CY V P S$ Z 
Bit Manipulation Instructions (cont) 
SET1 -mem{16, imm4 000014 11 4 00011 10 4 9/18 4-6 
jeony mod 0 0 0O mem 
CY 11141 400 1 2 1 1 
DIR 113141 #4 1 0 «41 2 
CLRi Ss reg, CL 0000 4111 1 00001001 W4 3 
1 100 0 reg 
mems, CL 0000 % 11~«1 00010010 9 3-5 
mod 0 0 0 mem 
memi6, CL 0000%1%11 1 0001001 1 918 3-5 
mod 0 0 0O mem 
reg, imm3/4 0000111 1 0001%10%1W4 4 
1 00 0 reg 
mems, imm3 0000141 «41 0001%4010 9 4-6 
mod 0 0 0 mem 
mem16, imm4 0000111 1 0001101 «1 «918 4-6 
mod 0 0 O mem 
CY 1131134 100 0 2 1 0 
DIR 14%d%731@ 71% 10 0 
NOT1 reg, CL 0000131141 0001-0 11 W 4 3 
11000 teg 
mems, CL 000011141 0001031109 3-5 
mod 0 0 0 mem . 
mem16, CL 0000111 1 000101 14 «4 913 3-5 
mod 0 0 0 mem . 
reg, imm3/4 0000111 4 0001411 W4 4 
| 11000 teg 
mems, imm3 0000111 1 000%1.111W9 4-6 
. mod 0 0 QO mem 
mem16, imm4 0000114 1% 41 000 1-4 1 1 1 = «9/18 4-6 
; mod 0 0 0 mem 
CY 14111 03130 1 2 1 x 
Shift/Rotate Instructions . 
SHL reg, 1 1101 000W 44 100 reg 2 2 u- x xX X X X 
mem, 1 1101000 W mod 100 j&mem 7/11. 2-4 u' x x X xX X 
reg, CL 110141 0031W 144 0 0 reg 2+n 2 u x uxX xX X 
mem, CL 110% 0014 W mod 100 mem 610+n 2-4 -u x u xX x x 
reg, imms 1100000W 1110 0 reg 2+n 3 u- x UX X X 





n = number of shifts 
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Instruction Set (cont) 














Opcode Flags 
Mnemonic Operand 76543210 765 43 2 1 «0 Clocks Bytes AC CY V P §S Z 
Shift/Rotate Instructions (cont) 
SHL (cont) mem, imm8s 1100 000W mod 100 mem 610+n 3-5 u x u xX X X 
SHR reg, 1 110% 000W 43110 1 reg 2 2 u_ x xX xX xX XxX 
mem, 1 110 1 0 00 W mod 10 1 mem = 7/11 2-4 u x xX X X X 
reg, CL 1101 00%1W #44 10 1 reg 2+n 2 u- x u xX xX Xx 
mem, CL 110% 0031 W mod 101 émem 610+n 2-4 u- x u xX X Xx 
reg, imms 110000OW 1% 10 1 reg 2e+n 8 u x ux X X 
mem, imms 1100 000W mod 10 1 mem 6/10 +n 3-5 u_ xX ux XxX Xx 
SHRA reg, 1 1101 000W 4141414414 «41 reg 2 2 u- x oO x x x 
mem, 1 1101 000 W mod 114 #+mem 7/11 24 uo %“~ 0x x x 
reg, CL 110% 00%1W #14 1 «41~«4 reg 2+n 2 u x uxX X X 
mem, CL 110% 0031 W mod 11414 +mem 610+n 2-4 u- x u xX X x 
reg, Imms 11000e00W 1411 14 «1 ~41 reg 2+n 3 u xX u xX X X 
mem, imms 1100000 W mod 111 #émem= 6/10+n 3-5 u xX u xX X X 
ROL reg, 1 11031 000W #11000 reg 2 2 x Xx 
mem, 1 1101 000W mod 0 0 0 mem 7/11 2-4 x xX 
reg, CL 11031003141 W 11000 reg 2+n 2 x ou 
mem, CL 110% 00% W mod 0 00 mem 610+n 2-4 x ou 
reg, imm 110000e0W 11000 reg 2+n 3 x ou 
mem, imm 1100 000W mod 000 mem 610 +n 3-5 x ou 
ROR reg, 1 110%1%000W 1400 1 reg 2+n 2 xX ou 
mem, 1 110% 000 W mod 0 0 1 mem = 7/11 2-4 x xX 
reg, CL 110%100e%1W #4100 41 reg 7+n 2 x ou 
mem, CL 110% 001 W -mod 0 0 1 #=mem 610+n 2-4 xX ou 
reg, imms 1100000O0W 141100 41 reg 2+n 3 x ou 
mem, imms 1100 000W med 0 014 mem 610+n 3-5 x ou 
ROLC reg, 1 110% 000W 1101410 reg 2 2 x xX 
mem, 1 1101 000W mod 0 10 mem i=~7/11 2-4 x Xx 
reg, CL 11031 001W 1414101 0 reg 2+n 2 x ou 
mem, CL 110% 001 W mod 0 10 mem 610+n 2-4 x ou 
reg, imms 1100000W 1310610 reg 2+n 3 xX ou 
mem, imms 1100 000W mod 0 10 mem 610+n 3-5 x ou 
RORC reg, 1 110100e0W 141 014 41 reg 2 2 x xX 
mem, 1 1101000 W mod O 1 1 mem = 7/11 2-4 x xX 
reg, CL 11031 004%1W 41014 ~=1 reg 2+n 2 x ou 
mem, CL 110% 001 W mod 0 11 +#=+mem 6/10+n 2-4 x ou 
reg, imms 1100000W 1101 41 reg 2¢+n 3 xX ou 


n = number of shifts 
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Instruction Set (cont) 





Opcode . . Flags 











Mnemonic Operand 76543 21 0 76 5 43 2 1 *O Clocks Bytes AC CY V P S$ Z 
Shift/Rotate Instructions (cont) - _ et 
RORC mem,imm8 © 1100 000 W =mod 01 1 mem 610+n 35 xX ou 
(cont) 
Stack Manipulation Instructions . 
PUSH mem16 144% 4 1% 14~«41 mod 110 mem = 5/9 2-4 

regi6 01010 reg 3/5 1 

sr 000 sr 1% 0 3/5 1 

PSW 100% 1 10 =0 3/5 1 

R 01410000 0 20/36 1 

imm 0110108 0 3/5 2-3 
POP memi6é 10001 1°14 14 mod 0 0 0 mem_= 85/9 2-4 

regié 0101 1 reg 5/7 1 

sr 000 sr 11 1 5/7 1 

PSW 1-0 0° 4-9 “T O° 4 5/7 1 R R-RRARR 

R 01100001 22/38 1 
PREPARE imm416, imms 1100141 00 0 . 4 

*imms = 0:15 
imm8= 1: 17 + 12 (imm8 — 1) odd, 15 + 8 (imm8-1) even 

DISPOSE 1100 % 00 1 a. 6/10 1 . 
Control Transfer Instructions _ | 
CALL near_proc 1110%1 00 0 7/9 3 

regptri6é 1 $44 4 4 «471 «4 171010 reg 7/9 2 

memptrié 1474 4 14 1 4 «1 mod 0 10 mem = 11/15 2-4 

far_proc 1001 14101 +0 9/13 ars) 

memptrs2 1444 4 4 4 4 +2xmod 0 1 1° =mem © 15/23 2-4 
RET 1100001 1 10/12 . 1 

pop_value 1100001 0 10/12 3 

1100101 41 12/16 1 

pop_value 11001010 12/16 3 
BR near_label 11%40-41 00 1 7 3 

short_label 111014101 41 7 2 

regptrié 1117497 1474 14 ~«41 11100 reg 7 2 

memptri6 144 4 4 14 4 4 mod 1.0 0. mem 11/13 2-4. 

far_label 14110 10% =0 7 5 

memptr32 11411 #4 4-41 «4 mod 1 0 1 mem 13/17 2-4 
BV short_label 0111000 0 3/6 
BNV short_label 011-1000 41 3/6 
BC,BL _short_label 01110010 3/6 


n = number of shifts 
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Instruction Set (cont) 








Opcode Flags 

















Mnemonic . Operand 76543210 7.6 5 4 3 2 1 0 Clocks Bytes AC CY V P S$ Z 
Control Transfer Instructions (cont) 
BNC, BNL _ short_label o1411%1001 41 3/6 2 
BE, BZ shortlabel 0111410410 (0 3/6 2 
BNE, BNZ _ short_label oi1%1%10%10 1 3/6 2 
BNH shortlabel 011411011 «0 3/6 2 
BH shortlabel 0114 0% 1 «4 3/6 2 
BN short_label 0o1%1414 00 0 3/6 2 
BP short_label 011413413100 41 3/6 2 
BPE shortlabel 0111 41401 0 3/6 2 
BPO short_label 0o114i%1 34104 «41 3/6 2 
Interrupt Instructions 
BLT short_label oi%1ii1é1é3140 0 3/6 2 
BGE short_label 011414143140 1 3/6 2 
BLE short_label 011411431 «0 3/6 2 
BGT short_label O40 aaa as 3/6 2 
DBNZNE short_label 14110000 0 3/6 2 
DBNZE short_label 1110000 1 3/6 2 
DBNZ short_label 1110001 0 3/6 2 
BCWZ short_label 171310001 1 3/6 2 
BRK 3 11003413100 18/24 1 
imms 1100 %4 10 1 18/24 2 
BRKV imms 1100 14 141 «0 20/26 1 
RETI 110011414 @«41 13/19 1 R R RARR 
CHKIND 1eg16, mem32 011410001 «+0 mod reg mem 24-26/ 2-4 
30-32 
CPU Control Instructions 
HALT 1 1 1 1 010 0 2 1 
BUSLOCK 1111000 0 2 1 
FPO1 fp_op 100 2X MX. Wa VEY 2 ZZ Ze 2 
fp.op, mem 110% 41 X X X jmod Y Y Y mem * 2-4 
FP02 fp_op 011700414141 X tTt1YYY2Z222Z* 2 
fp_op, mem 0131001 %4 X #$jmod Y Y Y mem * 2-4 
POLL 10031141041 1 2+ 5n 1 
= number of times POLL pin is sampled. 
NOP 100i 000 0 3 1 
DI 1114131104160 2 1 
El 11414 1 01 «4 2 1 
DS0:, DS1:, PS:, SS: 001 seg 11 0 2 1 


(segment override prefixes) 
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Instruction Set (cont) 





Opcode Flags 
Mnemonic Operand 76543210 76 5 43 2 1 0 Clocks Bytes AC CY V P S Z 
Address Expansion Control instructions 
BRKXA .  imms 000011 1 1 141100000 12 3 
imms 
RETXA imms 0000314111 1 414 140000 12 3 
imm8s 
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NEC Electronics Inc. 


Description 


The V53™ is a high-speed, high-integration 16-bit CMOS 
microprocessor with a CPU that is object and source 
code compatible with the V20®/V30®. Integrated on the 
same die is a 4-channel DMA controller, a UART, three 
timer/counters, an interrupt controller, a refresh control- 
ler, a clock generator, and a bus controller. 


(1) The DMA unit has four channels of high-bandwidth 
DMA (up to 8M bytes/sec). It has two sets of control 
registers, one compatible with the »PD71087/8237 
and another with the »PD71071. 


(2) The UART offers asynchronous serial I/O and is 
functionally compatible with the »PD71051 (8251). 


(3) The three 16-bit general-purpose timer/counters 
are compatible with the »PD71054 (8254). 


(4) The interrupt controller is identical to the »PD71059 
(8259) and offers eight interrupt channels. External 
p.PD71059s may be cascaded. 


(5) The refresh controller generates a 16-bit refresh 
* cycle for use with dynamic or pseudostatic RAMs. 


(6) Theclock generator uses a crystal at two times the 
desired frequency to produce the internal clock for 
the CPU and peripherals. A peripheral clock is also 
output. 


(7) The bus controller generates »PD71088-style con- 
trol signals for easy interface to external devices. 
The full V33 bus is also provided. Bus cycles are 
nominally two clock cycles long and can be ex- 
tended using the internal wait state generator. 
Dynamic bus sizing can be used to set the data- 
path width for every bus cycle. Both 8- and 16-bit 
cycles are supported, allowing the V53 to be used 
on both 8- and 16-bit systems. 


The V53 CPU is identical to the »PD70136 (V33™). 
Hardwired data-path control and a high-bandwidth bus 
give a performance level of 16 MHz, which is increased 
to four times that of the 10-MHz V30. The 1M-byte 
addressing range of the V30 is to 16M bytes using an 
on-chip address translation table. 


V20 and V30 are registered trademarks of NEC Corporation. 
V33, V40, V50, and V53 are trademarks of NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 
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UPD70236 (V53) 
16-Bit Microprocessor: 


High-Speed, High-Integration, CMOS 


The V53 instruction set is upward compatible with the 
native modes of the V20, V30, V40™, and V50™. It 
includes bit processing, bit field insertion and extrac- 
tion, and BCD string arithmetic. Using a modified 
Booth’s algorithm, the 16-MHz V53 executes 16-bit mul- 
tiplies in 750 ns. The CPU performance is the highest 
currently available in a high-integration microprocessor. 


The V53 has an undefined instruction trap that allows 
instructions not part of the V-series instruction set (such 
as commands for proprietary MMUs) to be emulated. 
High-speed numerics support is provided by the 
pPD72291 CMOS floating-point unit (630K FLOPs at 
16 MHz). 


The V53’s combination of high-speed CPU and DMA 
makes it ideal for high-bandwidth data control applica- 
tions such as disk or LAN controllers. The high integra- 
tion and software compatibility of the CPU and periph- 
erals with the V33 and V30 makes the V53 ideal for very 
compact personal computer applications such as disk- 
less work stations and lap top computers, or embedded 
MS-DOS® compatible PCs for POS terminals or contro! 
applications. 


Features 


O High-speed, V30-compatible CPU 
— 125-ns minimum instruction execution time at 
16 MHz 
— 750-ns 16-bit multiply at 16 MHz 
— 1.19 ws 16-bit divide (16 MHz) 
— Fastest high-integration MPU available 


Dual bus architecture 

8-byte instruction queue 

Expanded LIM 4.0-compatible 24-bit addressing 
Four DMA channels (to 8M bytes/sec) 

On-chip serial I/O controller 

Three »PD71054-compatible 16-bit counter/timers 


Eight-channel ».PD71059-compatible interrupt 
controller 


Refresh controller 

© Bus controller with wait-state generator 

QO Clock generator with STOP mode control for low 
power 


QO 16-MHz (or 12.5-MHz) operation with 32-MHz (or 
25-MHz) crystal 
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Ordering Information 




















Part Number Clock (MHz) Package 
pPD70236GD-10 10 120-pin plastic QFP 
 @D-12 12 
GD-16 16 
R-10 10 132-pin ceramic PGA 
R-12 12 
R-16 16 





Pin Configurations 
120-Pin Plastic QFP 





O©OOMON OA A WDD = 


w 
oO 
| 
> 
(a) 
Cc 
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READY CJ 40 


BS8/BS16 C4 42 
BUSLOCK L] 44 
PCLKOUT L] 45 


CLKOUT Lj 46 


RESOUT L] 47 


RESET LJ 51 
BUSSToO LJ 52 


BussT1 Cj 53 


BussT2 UC] 54 
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132-Pin Ceramic PGA 


Bottom View Top View 
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o000 

CO000000000000 

C0000D000000000 
C0D000D0000000N. 


Index mark 


~N WA ATA N OO 





BUSLOCK 
RESOUT 
x2 
BUSSTO 
RW 
IORD 
BCYST 
UBE 
DSR 
Vop cts 
BUSST1 SINT 
Ic TxD 
MRD READY 
Ao INTAK IC BS8/BS16 
DMARQ1 BUFEN PCLKOUT 
END/TG " CPREQ CLKOUT 
Any TOUT1 x-* 
Aq RTS BUSST2 
Ags MIO 
A1g lOWR 
A4o MWR 
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Pin Identification 
Symbol 

Ag-Azg 

AEX 

BCYST 

BS6/BS16 

BUFEN 
BUSLOCK 
BUSSTO-BUSST2 
CLKOUT 

CTPBUSY 

CTs 

Do-Dis 

. BMAAKO-DMAAKS 
DMARQO0-DMARQ3 
DSA 

BSTB 

BTR 

END/TC 


HLDAK 
HLDRQ 
INTAK 
INTPO-INTP7 
TORD 

IOwWR 

M/iO 

MRD 

MWR 

NMI 
PCLKOUT 
READY 
REFRG 
RESET 
RESOUT 
RTs 

RW 

RxD 

RxRDY 

SINT 

TCLK 
TCTLO-TCTL2 
TOUTO-TOUT2 


vo 

Out 
Out 
Out 


Function 

Address bus 

Address expansion mode flag 
Bus cycle start 

Data bus width specification 
Buffer enable 

Bus lock flag 

Bus status 

System clock 

Coprocessor busy 

Clear to send 

Data bus 

DMA acknowledge 

DMA request 

Data set ready 

Data strobe 

Data terminal ready 


DMA service forced-end input; DMA 
service complete output 


Bus hold acknowledge 


' Bus hold request 


Interrupt acknowledge 
Maskable interrupt request 
/O read 

1/0 write 

Memory I/O select 

Memory read 

Memory write 
Nonmaskable interrupt request 
External I/O clock 

Bus cycle end 

Refresh request 

Reset 

System reset 

Request to send 
Read/write 

Serial receive data 

Serial receive ready 

Serial interrupt request 


_ Timer clock 


Timer control 
Timer output 





Symbol ie) 
TxD Out 
UBE Out 
X1, X2 In 
Vop in 
GND 

IC 

NC 


Function 

Serial transmit data 

Data bus higher byte enable 
Crystal/external clock 
+5-volt power source 
Ground 

Internal connection 

No connection 


Table 1. Output Pin States 


Symbol Hold 
AgAc3 Hi-Z 
AEX Note 6 
BCysT Hi-Z 
BUFEN Hi-Z 
BUSLOCK Note 5 
BUSSTO-BUSST2 Hi-Z 
CLKOUT O 
DoDig HI-Z 
BMAAKO -DMAAK3 H 
DSTB Hi-Z 
BTA O 
END/TC Hi-Z 
HLDAK H 
INTAK H 
TORD Hi-Z 
IOWR Hi-Z 
Mid Hi-Z 
MRD Hi-Z 
MWR Hi-Z 
PCLKOUT fe) 
REFRQ H 
RESOUT L 
RTS ‘@) 
RAW Hi-Z 
RxRDY fe) 
SINT O 


DMA 
Halt Reset Cascade 
L HI-Z Hi-Z 
Note 6 H/L Note 6 
Note 4 Hi-Z Hi-Z 
H Hi-Z Hi-Z 
Note 5 H H 
H Hi-Z H 
.@) Oo O 
Note 3 Hi-Z - Hi-Z 
Oo H .e) 
H HI-Z Hi-Z 
.@) H (@) 
‘e) Hi-Z (e) 
H/L L L 
H H H 
H Hi-Z Hi-Z 
H Hi-Z Hi-Z 
L Hi-Z H 
H Hi-Z Hi-Z 
H Hi-Z Hi-Z 
O .@) ie) 
0 H H 
L H L 
oO H .@) 
L Hi-Z H 
12) H (@) 
oO L Oo 
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Table 1. Output Pin States (cont) 


DMA 
Symbo! Hold Halt Reset Cascade 
TOUTO-TOUT2 ie) fe) Oo ce) 
TxD .e) fe) H fe) 
UBE Hi-Z H Hi-Z HI-Z 
Notes: 


(1) The pin states are interpreted as follows: H Is high level; L is low 
level; H/L Is high or low level; Hi-Z is high impedance; O is 
indeterminate. 


(2) Halt includes both the HALT and STOP modes. 


(8) Undefined for the first two clocks of the halt acknowledge cycle 
and the Hi-Z. 


(4) L for the first clock of the halt acknowledge cycle and then H. 


(5) L under either of the following conditions: an instruction is 
executed during hold with a BUSLOCK prefix, or the HALT 
instruction is executed with a BUSLOCK prefix. Otherwise, the 
value is H. 


(6) Hin address expansion mode; L in nonexpansion mode. 


PIN FUNCTIONS 
Ao-A23 (Address Bus) 


These pins constitute an address bus that outputs real 
addresses when memory or an I/O device is accessed. 
Up to 64K bytes of I/O space and up to 16M bytes of 
memory space (including reserved areas) can be ac- 
cessed through the address bus. 


The address bus enters the high-impedance state if one 
of the following occurs. 


@ RESET signal is applied 
@ Microprocessor is in HOLD mode 
@ DMA requests are cascade connected 


The status of the address bus is undefined during an 
interrupt acknowledge cycle. When interrupt requests 
are cascade connected, the slave ICU address is output 
on pins Ag-Ao. 


When I/O is accessed, pins Ayg-Ag3 go low. The address 
can be expanded even when the interrupt vector table is 
accessed. 


AEX (Address Extension) 


AEX is asserted when the expanded addressing mode is 
enabled. When AEX is high, the memory address space 
is 16M bytes (24-bit address), and when low, 1M byte 
(20-bit address). 
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BCYST (Bus Cycle Start Strobe) 


This signal indicates the start of a bus cycle by going low 
for one clock immediately after the bus cycle is started. 
When the bus is placed in the hold state, the BCYST pin 
enters the high-impedance state. 


BS8/BS16 (8-Bit Bus Size/16-Bit Bus Size) 


BS8/BS16 is driven low by external logic when the 
»PD70236 addresses a device with an 8-bit data path. If 
the »PD70236 operand is 16 bits wide and BS8/BS16 is 
low, then the »PD70236 will perform two 8-bit bus 
cycles. The current bus cycle will handle the low byte on 
Do-D7, and the next bus cycle will handle the upper byte 
also on Do-D7. This input is ignored during HLDAK, 
interrupt acknowledge, and coprocessor cycles. 


BS8/BS16 is sampled on the rising (middle) edge of T2 or 
the last TW state, coincident with READY. This input is 
not internally synchronized. To ensure proper device 
operation, minimum setup and hold times must be met. 


BUFEN (Buffer Enable) 


This signal is output to enable an external buffer, and 
becomes active during the read cycle, interrupt acknowl- 
edge cycle, and write cycle. It does not become active 
while the internal I/O is being accessed. 


BUSLOCK (Bus Lock) 


BUSLOCK should be used by external logic to exclude 
any other bus master (e.g., a DMA controller) from using 
a shared resource that the 1PD70236 currently is using. 
When BUSLOCK is asserted high, HLDRQ will be ig- 
nored. 


BUSLOCK is asserted when the BUSLOCK prefix is 
executed or when the »PD70236 is performing a bus 
operation that must not be interfered with, such as an 
interrupt acknowledge cycle. BUSLOCK has the same 
timing as the address bus Ag-Agg and is driven high 
during HLDAK and RESET. 


BUSSTO-BUSST2 (Bus Status) 


These three pins encode and output information identi- 
fying the type of bus cycle currently being executed. 
They enter the high-impedance state in the bus hold 
mode. These pins are used with the M/lO and R/W 
signals, as shown in table 2. 
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Table 2. Bus Cycles 
M/iO R/W BUSST2 BUSST1 BUSSTO Bus Cycle 


0 1 0 0 0 Interrupt acknowledge 
‘cycle (from SLAVE) 
0 1 1 0 0 Interrupt acknowledge 


cycle (from ICU) 
External I/O read cycle 
Internal I/O read cycle © 
External I/O write cycle 
Internal I/O write cycle 
Coprocessor read cycle 
Coprocessor write cycle 
Halt acknowledge cycle 
Instruction fetch cycle 
Refresh cycle 

CPU memory read cycle 
DMA read transfer cycle 
CPU memory write cycle 
DMA write transfer cycle 


afm] pap af rp POP oOPol;rol;ro!lal!s 
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Coprocessor memory 
- read cycle - 
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Coprocessor memory 
write cycle 


1 1 1 1 1 DMA cascade 





Interrupt Acknowledge Cycle (from SLAVE). This cy- 
cle is the second interrupt acknowledge cycle during 
which an interrupt request from a slave interrupt control 
unit (ICU) is acknowledged. During this cycle, the data 
output by an external interrupt controller is processed 
as a vector. The bus sizing function cannot be effected in 
this cycle. The programmable wait function and READY 
signals are both valid, however. 


Interrupt Acknowledge Cycle (from ICU). This cycle is 
output during the first interrupt acknowledge cycle, dur- 
ing which an interrupt request for a non-slave ICU is 
acknowledged. During this acknowledge cycle, the data 
output by the internal ICU is processed as a vector, and 
the bus sizing function cannot be effected. The program- 
mable wait function and READY signal are both valid, 
however. 








External I/O Read Cycle. This cycle is output when an 


external I/O area is read by executing the IN instruction. 


During this cycle, the bus sizing function can be ef- 
fected. Also, the programmable wait function and 
READY signal are both valid. 


Internal I/O Read Cycle. This cycle is output when the 
internal 1/O area is read by executing the IN instruction. 


The bus sizing function cannot be effected. Both the 
programmable wait function and READY signal are in- 
valid. However, two wait state clocks are automatically 
inserted into all internal I/O area cycles except those for 
the address expansion table and address expansion flag. 





External I/O Write Cycle. This cycle is output when an 
external I/O area is written by executing the OUT in- 
struction. The bus sizing function can be effected. Also, 
the programmable wait function and READY signal are 
both valid. 


Internal I/O Write Cycle. This is output when the inter- 
nal I/O area is written by executing the OUT instruction. 
The bus sizing function cannot be effected. Both the 
programmable wait function and READY signal are in- 
valid. However, two wait state clocks are automatically 
inserted into all internal I/O: area cycles except those for 
the address expansion table and address expansion flag. 


Coprocessor Read Cycle. This cycle indicates that an 
external coprocessor is accessed for data read when a 
coprocessor instruction is executed. The bus timing and 
ac characteristics of this cycle are the same as those of 
the ordinary I/O read cycle. 





Although the bus sizing function cannot ‘be effected, 
coprocessor operations are not guaranteed if the bus 
sizing function is used. The programmable wait function 
is invalid, but the READY signal is valid. 


Coprocessor Write Cycle. This cycle indicates that an 
external coprocessor instruction is executed. The bus 
timing and ac characteristics of this.cycle are the same 
as those of the ordinary !/O write cycle. 





Although the bus sizing function can be effected, copro- 
cessor operations are not guaranteed if the bus sizing 
function is used. The programmable wait function is 
invalid, but the READY signal is valid. 


Halt Acknowledge Cycle. This cycle is output when the 
HALT instruction is executed. During this bus cycle, the 
DSTB pin does not output a low level. The bus sizing 
function cannot be effected. Both the programmable 
wait function and READY signal are invalid. 


Instruction Fetch Cycle. This cycle indicates that an 
instruction is being fetched. The bus sizing function can 
be effected. Also, the programmable wait function aie 
READY signal are both valid. 


Refresh Cycle. This cycle indicates that DRAM refresh- 
ing is in progress. The bus sizing function cannot be 
effected. (Note that BS8/BS16 must be 16 bits.) The 
programmable wait function and READY signal are both 
valid. 








CPU Memory Read Cycle. This cycle is output when the 
CPU reads data from memory. The bus sizing function 
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can be effected. Also, the programmable wait function: 





and READY signal are both valid. 


DMA Read Transfer Cycle. This cycle is output when 
DMA transfer (that is, data transfer from memory to 1/O) 
takes place. The bus sizing function cannot be effected. 
The programmable wait function and READY signal are 
both valid. 


CPU Memory Write Cycle. This cycle is output when the 
CPU writes data to memory. The bus sizing function can 





be effected. Also, the programmable wait function and. 


READY signal are both valid. 


DMA Write Transfer Cycle. This cycle is output when 
write DMA transfer (that is, data transfer from 1/O to 
memory) takes place. The bus sizing function cannot be 
effected. The programmable wait function and READY 
signal are both valid. 


Coprocessor Memory Read Cycle. This cycle is output 
when data read from memory is sent to the coprocessor. 
Although the bus sizing function cannot be effected, 
coprocessor operations are not guaranteed if bus sizing 
is used. The programmable wait function and READY 
signal are both valid. 


Coprocessor Memory Write Cycle. This cycle is output 
when data for a coprocessor is written to memory. The 
CPU does not drive the data bus. Instead, the coproces- 
sor drives the data bus to write data to memory. 


Although the bus sizing function cannot. be effected, 
coprocessor operations are not guaranteed if the bus 
sizing function is used. The programmable wait function 
and READY signal are both valid. : 


DMA Cascade. This cycle indicates that the DMA is 
cascade connected to an external slave DMA controller. 
During this cycle, the buses are relinquished. 


CLKOUT (Clock Output) 


This pin outputs a square-wave. clock pulse. The fre- 
quency of the output clock pulse is obtained by. dividing 
the frequency of the clock signal input to the X1 and X2 
pins by a specific value. The duty factor of the output 
clock pulse is 50%. The output frequency is the same as 
the operating frequency of the CPU (programmable to 
one-half, one-fourth, one-eighth, or one-sixteenth of the 
oscillation frequency). 


CPBUSY (Coprocessor Busy) 


CPBUSY is asserted low by a coprocessor (such as 
p»PD72291) when it is busy with an internal operation. 
The »PD70236 uses this pin to check the status of the 
coprocessor. 
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CPBUSY is sampled on the falling edge of each clock. 
This input is not internally synchronized. To ensure 
proper device operation, minimum setup and hold times 
must be met. 


lf a coprocessor is not connected to the uPD70236, 
CPBUSY should be grounded. 


CTS (Clear to Send) 





This is a serial transmission control input pin. The SCU is 


ready for data transmission when bit 0 of the SCM 
register is set to 1 and this pin is at low level. When this 
pin is made high while data transmission is in progress, 
transmission is stopped after the current data has been 
completely transmitted, and the TxD pin goes high. 


Do-D1i5 (Data Bus) 


These pins constitute a data bus that inputs or outputs 
write data and read data when the external main mem- 
ory or I/O device is accessed. The data bus is in the input 
mode during any bus cycle other than a write cycle. 
During the write bus cycle, the bus outputs data starting 
from the rising edge of the T1 clock until the cycle 
following the write bus end cycle. 


DMAAKO-DMAAKS (DMA Acknowledge) 


These pins output active-low DMA acknowledge signals 
from channels 0 to 3 of the internal DMAU. 


DMARQO-DMARG3 (DMA Request) 


These pins input active-high DMA request signals from 
channels 0 to 3 of the internal DMA control unit (DMAU). 


DSR (Data Set Ready) 


This is a general-purpose input pin. The status of this pin 
can be determined by reading bit 7 of the serial status 
(SST) register. 


DSTB (Data Strobe) 


This is a strobe signal for read and write operations. The 
signal does not go low during the halt acknowledge cycle 
that indicates that the HALT instruction has been exe- 
cuted. When the buses are placed in-the hold state, the 
DSTB pin enters the high-impedance state. The signal 
output timing of this pin differs depending on whether a 
read or write operation is performed. The DSTB: signal 
does not go low when the internal I/O area is accessed. 


DTR (Data Terminal Ready) 


This is a general-purpose output pin. The status of this 
pin can be set by bit 1 of the SCM register. - 
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END/TC (End/Terminal Count) 


This pin inputs the END signal to or outputs the TC signal 
from the internal DMAU. 


END Input. When a low-level pulse is input to this pin 
during DMA transfer, the DMA service under execution is 
terminated after the current bus cycle is over. 


TC Out put. When the count register of the DMAU chan- 
nel currently performing DMA transfer becomes 0, and 
when the DMA transfer has been performed the speci- 
fied number of times, the TC pin outputs a low-level 
pulse. 


HLDAK (Hold Acknowledge) 


This is an acknowledge signal that indicates that the V53 
has accepted the HLDRQ signal, placed the address, 
data, and control buses in the high-impedance state, 
and relinquished the buses to an external device. The 
external devices that can acquire the buses are assigned 
the following priority. 


REFU (highest priority) 
DMAU 

HLDRQ. 

CPU 

REFU 


If a bus hold request takes place while the buses are idle 
(TI state), during the CPU bus cycle, or during lowest- 
priority refresh cycle, the HLDRQ signal is accepted 
immediately after the bus cycle is over and the buses are 
relinquished. 


If a DMA request or top-priority refresh request is gener- 
ated while the buses are in the hold state, the HLDAK 
signal is forcibly made inactive. In this case, the external 
device must return control of the bus to the V53 (making 
the HLDRQ signal inactive). Therefore, the high-level 
width of the HLDAK signal when it is made inactive 
forcibly is 1 clock minimum. 


HLDRQ (Hold Request) 


HLDRQ is asserted high by external logic when an 
external bus master (e.g., a DMA controller) wants to 
take over the »PD70236 bus. When HLDRQ is detected 
high, the »PD70236 will release the bus after the current 
bus operation is completed. Note that this is not neces- 
sarily the current bus cycle. The n»PD70236 releases its 
bus by floating the address, data, and control buses. 


HLDRQ is sampled on the rising edge of each clock. It 
will be ignored while BUSLOCK is asserted. This input is 
not internally synchronized. To ensure proper device 
operation, minimum setup and hold times must be met. 
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INTAK (Interrupt Acknowledge) 


This is an active-low acknowledge signal for a maskable 
interrupt. 


INTPO-INTP7 (Interrupt from Peripherals) 


These are asynchronous interrupt request input pins for 
the internal interrupt control unit (ICU). The input signals 
can be triggered either at the rising edge or at high level. 
The priority of these signals can be fixed or rotated. 
These interrupt request inputs are also used to release 
the HALT and STOP modes. 


IORD (I/O Read) 


This active-low read signal goes low during the I/O read 
cycle. This signal is also output when write DMA transfer 
is performed. However, it is not output during the CPU’s 
internal 1/O read cycle. 


TOWR (1/0 Write) 


This is an active-low write signal that goes low during the 
1/O write cycle. This signal is also output when read DMA 
transfer is performed in two output timing modes: the 
expansion write mode and the ordinary write mode. It is 
not output during the CPU’s internal I/O write cycle. 


M/IO (Memory I/O) 


This pin indicates whether a memory or other device 
(such as an I/O device or coprocessor) is currently 
accessed. The device to be accessed is determined by 
this pin and the BUSSTO and BUSST1 signals. The M/IO 
pin enters the high-impedance state in the bus hold 
mode. Its status changes at the falling edge of the T1 
clock. 


MRD (Memory Read) 


This is an active-low read signal that goes low during a 
read cycle in which data is read from memory. This signal 
is Output not only during the CPU’s memory read, but 
also during the refresh cycle and when read DMA trans- 
fer is performed. 


MWR (Memory Write) 


This active-low write signal goes low when the memory 
write cycle is in progress. This signal is output not only 
during the CPU’s memory write cycle, but also during the 
write DMA transfer and when write DMA transfer is 
performed in two output timing modes: the expansion 
write mode and the ordinary write mode. 
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NMI (Nonmaskable Interrupt Request) 


NMI is asserted by external logic to notify the CPU that 
an external event requires the CPU’s immediate atten- 
tion. When NMI is sampled low, interrupt processing will 
begin immediately after the current instruction is com- 
pleted. A trap will be taken through vector 2. The state of 
the IE bit in the PSW has no effect on NMI acceptance. 


NMI is sampled on the falling edge of each CPU clock. 
This input is not internally synchronized. To ensure 
proper device operation, minimum setup and hold times 
must be met. 


Interrupt processing begins immediately after the end of 
the current instruction. Once NMI processing comences, 
no further NMI requests will be accepted until termina- 
tion of the current NMI routine, which is indicated by the 
RETt instruction. 


PCLKOUT (Peripheral Clock Output) 


This pin outputs a square-wave clock pulse with a fre- 
quency one-fourth the frequency of the clock signal input 
to the X1 and X2 pins. The duty factor of the output clock 
pulse is 50%. 


READY (System Ready) 


The READY signal is asserted low when the external 
system is ready for the current bus cycle to terminate. 
While READY is not asserted, the »PD70236 will add TW 
(wait) states to the current bus cycle. The bus state in 
which READY is sampled low will be the last state of the 
cycle. 








During CPU read cycles, READY gives slow devices time 
to drive the Do-D7 inputs, and during write cycles gives 
slow devices enough time to finish the write operation. 


The READY input is sampled on the rising (middle) edge 
of T2 and all TW states. It is ignored during the HLDAK 
state. This input is not internally synchronized. To ensure 
proper device operation, minimum setup and hold times 
must be met. 


REFRG (Refresh Request) 


This signal is asserted during refresh cycles. 


RESET (Reset) 


This signal initializes the processor. The processor is 
reset when this signal is held low for six clocks or longer 
and then returned to the high level. 


RESOUT (Reset Output) 


This pin outputs an active-high signal which is an asyn- 
chronous RESET signal synchronized with the internal 
clock. This signal can be used to reset the system. 





RTS (Request to Send) 


This is a general-purpose output pin. The status of this 
pin can be set by bit 5 of the serial command (SCM) 
register. 


R/W (Read/Write) 


This pin indicates whether the current bus cycle is a read 
cycle or a write cycle. This pin is valid only while a bus 
cycle is being executed, and goes high if the current bus 
cycle is a read cycle or during an interrupt acknowledge 
cycle; it goes low if the current bus cycle is a write cycle. 
The R/W pin enters the high-impedance state in the bus 
hold mode. The level of this pin changes at the falling 
edge of the T1 clock. 


RxD (Receive Data) _ 


When the serial control unit does not receive data, this 
pin is at high level (mark state). When the pin detects a 
start bit, the SCU starts receiving serial data from an 
external device. 


RxRDY (Receive Ready) 


When the serial control unit has received one character 
of data, and when that data is transferred to the receive 
data buffer (that is, when the receive data is ready to be 
read), this pin goes high. 


SINT (Serial Interrupt) 


This signal becomes active to output an interrupt re- 
quest signal from the SCU when the transmit data buffer 
of the SCU is empty and when the interrupt of the 
transmitting side is not masked, or when it contains the 
SCU’s receive buffer data to be read and the receive 
interrupt is not masked. 


TCLK (Timer Clock) 


This pin inputs a clock pulse from an external source to 
the internal timer/counter unit (TCU). When the system 
is initialized, either the external clock or the internal 
clock is selected to be supplied to the TCU. 


TCTLO-TCTL2 (Timer Control) 


These pins input control signals to the three TCU 
counters. The functions of the control signals input 
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through these pins differ depending on the mode (six 
modes are available) set by the TCU. 


TOUTO-TOUT2 (Timer Output) 


. These are output pins for the internal timer/counter unit. 
The TCU outputs signals through these pins in. six 
different modes. 


TxD (Transmit Data) 


When the serial control unit (SCU) has no data to be 
transmitted to an external device, this pin is at high level 
(mark state). When transmit data is set in the SCU, the 
TxD pin automatically outputs a start bit, serial data that 
has been set inthe SCU, a parity bit, and 1 or 2 stop bits. 


UBE (Upper Byte Enable) 


When the microprocessor accesses external main mem- 
ory or an I/O device that requires the upper 8 bits 
(Dg-D45) of the data bus, this pin goes low at the falling 
edge of the T1 clock, enabling the upper byte on the bus. 
The lower 8 bits (D9-D7) of the data bus are controlled by 
the Ap pin as shown in the following table. 


UBE Operation: 

16 bits accessed 

Upper 8 bits accessed 

Lower 8 bits accessed 

Second cycle (for use with bus sizing 
function) 


= © O 
eee 


When dynamic bus sizing is used to make a 16-bit 
access into an 8-bit, Aj must be used as an address bit; 
UBE can be ignored. 


X1, X2 (Crystal) 


To use the internal clock generator, connect a crystal 
with a frequency twice the operating frequency across 
these pins. When using an external clock generator, 
input square waves with a frequency twice the operating 
frequency to the X1 pin. To the X2 pin, make the input 
signal 180° out of phase (an inverter output) with: the 
signal input to the X1 pin. 


UNIT OPERATION 
Central Processing Unit (CPU) 


The 4PD70236 CPU is a high-performance engine whose 
performance surpasses most other 16-bit CPUs. To 
achieve this performance level, hardwired data path 
contro! was used (no microcode) so that. instruction 
execution times are greatly reduced. 
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The »PD70236 CPU has functions equivalent to those of 
the »PD70136 (V33) and is therefore completely software 
compatible with the V33. The »PD70236 instruction set 
is upward compatible with the native modes of the V20, 
V30, V40, and V50. 


Clock Generator (CG) © 


The clock generator divides the oscillation frequency of 
the crystal or external oscillator connected across pins 
X1 and X2 by 2, 4, 8, or 16 to generate a clock that is 
supplied to the CPU as an operation’clock and to an 
external device through the CLKOUT pin. A clock having 
a frequency one-fourth the oscillation frequency is also 
output to the PCLKOUT pin. 


Bus Interface Unit (BIU) 


The bus interface unit controls the pins of the address 
bus, data bus, and control bus, which are used by the 
CPU, DMA unit (DMAU), and refresh control unit (RE FU). 


Bus Arbitration Unit (BAU) 


The bus arbitration unit arbitrates the internal bus mas- 
tership. The priority of the bus mastership is: 


CPU with BUSLOCK (highest priority) 
REFU of top priority 
~ DMAU 
HLDRQ 
Ordinary CPU 
REFU of lowest priority 


Wait Control Unit (WCU) 


The function of the wait control unit is to insert wait 
states equivalent to 0 to 7 clocks automatically into the 
memory, I/O, DMA, and refresh cycles. The 16M-byte 
memory space can be divided into three blocks. In 
addition, any 1M-byte memory space can also be divided 
into three blocks. 


Refresh Control Unit (REFU) 


The REFU supports the DRAM refresh operation by 
generating 16-bit refresh addresses and a refresh signal 
(REFRQ) indicating that the refresh cycle is. currently 
taking place. 


Timer/Counter Unit (TCU) 


The timer/counter unit of the »PD70236 performs the 
same functions as the »PD71054. It provides a set of 
three independent 16-bit timer/counters. 


Serial Control Unit (SCU) 


The »PD70236 SCU has the same functions as the 
pPD71051 except the synchronous mode for supporting 
RS-232C protocol. This SCU is equipped with a dedi- 
cated baud rate generator. 


The SCU provides serial communications functions of 
the start-stop synchronization type. Commands for the 
SCU in the V53 are similar to those of the »PD71051 
except that the V53 uses two registers—SCM (serial 
command) register and SMD (serial mode) register—to 
implement the functions of the control word register of 
the »PD71051. 


Interrupt Control Unit (ICU) 


The ICU in the V53 has the same functions as those on 
the u1PD71059 except the V53 does not have the CALL 
mode (8085 mode) or the slave mode of cascade con- 
nection. The »PD70236 ICU has eight external interrupt 
input pins and can arbitrate up to eight interrupt re- 
quests. The number of external interrupt inputs can be 
increased by cascade connecting the ICU to an external 
interrupt controller. 


pPD70236 (V53) 


Unlike the »PD71059, »PD70208, and »PD70216, the 
INTPO to INTP7 pins in the V53 do not have internal 
pullup resistors to reduce current dissipation. 


DMA Control Unit (DMAU) 


The DMAU on the nPD70236 functions the same as the 
DMAUs on the 4PD71071 and »PD71037 and, therefore, it 
can operate in two modes (uPD71071 mode and 
»PD71037 mode). You can set the operation modes using 
a register in the system I/O area. 


In »PD71071 mode, source and destination addresses 
are 24 bits. In «PD71037 mode, source and destination 
addresses are 16 bits. To extend these addresses to 20 or 
24 bits, four 8-bit bank registers are provided. These 
registers supply the upper address bits. 


The DMA unit provides four channels of »PD71071- 
compatible or »PD71037-compatible DMA. External 
hardware requests DMA cycles via the DMA request 
inputs. DMA is always between an I/O device and mem- 
ory (fly-by style DMA). External DMA controllers may be 
cascaded using the V53 DMAU. 
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pPD70236 Block Diagram 
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ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings 


Ta = +25°C 

Power supply voltage, Vop 
Input voltage, V, 

Clock input voltage, Vk 
Output voltage, Vo 


-0.5 to +7.0V 
0.5 to Vpp + 0.3 V 
-0.5 to Vpp + 1.0V 
-0.5 t0 Vpp + 0.3 V 





Output short circuit current, Io 50 mA 
Operating temperature, Topr -10 to +70°C 
Storage temperature, Tstq -~65 to + 150°C 
DC Characteristics 
Ta = -10 to +70°C; Vpp = +5 V 10% 
Parameter Symbol Min 
Input voltage, high Vin 2.2 

0.8 Vpp 
Input voltage, low Vit -0.5 
Clock input voltage, high VKH 0.8 Vpp 
Clock Input voltage, low Ve 0.5 
Output voltage,high Vou 0.7 Vop 
Output voltage, low VoL 
input leakage current, high lH 
Input leakage current, low lu 
Output leakage current, high ILou 
Output leakage current, low ILoL 
Supply current lop 


Voltage Thresholds for Timing Measurements 


AC (except CLK) 


: 2.4V 
Signal Inputs 
(except CLK) 

04V 


AC test input measuring point 


CLK Input 


83YL-6484A 





Vpp + 0.3 


0.8 


0.2 Von 
Vpp + 0.5 


0.6 


10 f + 40 


40 
200 


Unit 


BIZ ZISIBIEIEI <| <1 <|<[<|<|<l< 


Conditions 
Except RESET 
RESET 

Except RESET 
RESET 


lon = ~400 pA 

lo, = 2.5 mA 

Vi = Vpp 

Vy,=0V 

Vo = Vpp 

Vo=0V 

Operating; f = 2 to 16 MHz 
HALT mode 

STOP mode 
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AC Characteristics 
Ta = -10 to +70°C; Vpp = 5 V +10%; C, of output terminals = 








100 pF max 

Parameter Symbol Min Max = Unit 
Clocks (figure 1) 

CLKOUT period toyK 62.5 500 ons 
CLKOUT high-level tKKH 0.5 tcyk-7 ns 
width 

CLKOUT low-level tKKL 0.5 toyk -7 ns 
width 

CLKOUT rise time tkr 7 ns 
CLKOUT fall time tkr 7 ns 
X1 input period toyx 31.25 250 ns 
X1 input high-level *xKH 11 ns 
width 

X1 input low-level txKL’ 11 ns 
width 

X1 input rise time txKr ns 
X1 input fall time tXKF ns 
X1 to CLKOUT delay toxk 20 ns 
PCLKOUT period tcypK 125 1000 ns 
PCLKOUT high-level — tex 4tcyK-7 ns 
width ; 

PCLKOUT low-level teKL 4 toyvK-7 ns 
width 

PCLKOUT rise time tpxR ns 
PCLKOUT fall time  — tex 7 ns 
Reset (figure 2). 

RESET setup timevs tsastK 30 ns 
CLKOUT J ; 

RESET hold time vs tHKAST 15 ns 
CLKOUT J 

RESET low-level width twrsTL 6 tcyc 
RESOUT delay from toxro 0 40 ns 
CLKOUT J 

Write, Read (figures 3-12, 16-19, 23-24, 28, 31) Note 2 
BCYST delay from toxsc 5 40 ns 
CLKOUT J 

BCYST low-level width = tacacr tcyk - 10 ns 
BCYST high-level tgcspcH _ tcyx« (n+1) - 10 ns 
width 

Address delay from toKa 5 40 ns 
CLKOUT J 

Control 2 delay from toxcT2 0 40 ns 
CLKOUT 

Status delay from toKsT 5 40 ns 
CLKOUT J 





_ Symbol 











(1) toyc = CPU clock period 
n = number of wait states 


(2) The clock-to-signal delays in the -10 (10 MHz) and —12 (12.5 MHz) 
parts are 45 ns compared to 40 ns in the —-16 (16 MHz) part. For 
full electrical characteristics of the -10 and -12 parts, contact 


NEC. 


Parameter Min Max Unit 
Data float delay from tex 0 - 50 ns 
CLKOUT 

DSTB J delay from toxps 5 40 ns 
CLKOUT J 

DSTB low-level width tosps. _tcevc (n+1) - 10 ns 
DSTB high-level width = tospsH- tx, ttka- 10 ns 
CLKOUT to IOWA - tow o- 40 ns 
delay 
CLKOUT to IORD toxin 0 40 ns 
delay ee 
CLKOUT to MRD toKMR 0 “40 ns 
delay, 

CLKOUT to MWR toxmw 0 40. ns 
delay 

CLKOUTTtoDSTBT = toxpsH 5 40 ns 
Address/status output tpaps. _ tkx, + tka — 15 ns 
delay to DSTB J . 
Address/status hold tHpsHA xx. + ten ~ 15 ns 
time from DSTB t 

Data output delay ‘tppsHD = txt + ten - 15 “ns. 
from-DSTB t a 

Data output delay tpap tkxL + tka - 15 ns 
from address/status : 
output 

Data output delay tox 5 40 ns 
from CLKOUT Tf 

Data setup time to tspk 7 ns 
CLKOUT J 

Data hold time from tuKp 10 ns 
CLKOUT J 

Data hold time from tupsp 0 ns 
DSTB Tt 

Data hold time from tHasD 0 ns 
change point of 

address or status 

Dat hold time from turwo 0 ns 
RW Tt 

READY setup time to tspYK 7 ns 
CLKOUT T 

READY hold time-from.  tuxry 15 ns 
CLKOUT Tt: 

Notes: 
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AC Characteristics (cont) 











Parameter Symbo} Min Max = Unit 
Bus Sizing (figures 13, 14) 

BS8/BS16 setup time — tsgsx 7 ns 
to CLKOUT tT 

BS8/BS16 hold time tuxes 15 ns 
from CLKOUT fT 

Bus Hold (figure 17) 

HLDRQ setup timeto — tguax 7 ns 
CLKOUT t 

HLDRQ hold time tuKHa 15 ns 
form CLKOUT ft 

CLKOUT t to HLDAK toKHA 5 40 ns 
delay 

Output floating to toFHA tkxL + tka - 15 ns 
HLDAK delay 

Input Setup and Hold (figure 15) 

NMI, INTPO-INTP7, tsik 10 ns 
CPBUSY setup time 

to CLKOUT J 

NMI, INTPO-INTP7, tuxt 10 ns 
CPBUSY hold time 

from CLKOUT J 

Timer/Counter Unit TCU (figures 20-21) 

TCTLO-TCTL2 setup ._— tsqx _ 50 ns 
time to CLKOUT J 

TCTLO-TCTL2 hold tuxe 100 

time from CLKOUT J 

TCTLO-TCTL2 low-level tga 50 ns 
width 

TCTLO-TCTL2 high- tecH 50 ns 
level width 

TOUTO-TOUT2 output = tpxro 100 ns 
delay from CLKOUT J 

TCLK period tovTK 100 ns 
TCLK rise time trkr 15 ns 
TCLK fall time tTKF 15 ns 
TCLK low-level width trKTKL 45 ns 
TCLK high-level width — trxtKH 30 ns 
TCTLO-TCTL2 setup tseTK 50 ns 
time to TCLK T 

TCTLO-TCTL2 hold tHTKG 100 ns 
time from TCLK T 

TOUTO-TOUT2 output tprKTo 100 ns 
delay from TCLK J 

TOUTO-TOUT2 output tpato 100 ns 
delay from TCTL 1 


Parameter Symbol Min Max 
Serial Control Unit, SCU (figure 22) 
RxD setup time vs tsrax 1 
SCU internal CLK J 
RxD hold time vs SCU typ 1 
internal CLK J 
TOUT1 Tto TxD delay totx 500 
Direct Memory Access, DMA (figures 24-26) 
CLKOUT | to MRD, toKRH 0 40 
IORD fT delay 
CLKOUT | to MRD, toxKRL 0 40 
IORD J delay 
CLKOUT T to toKHDA 0 40 
DMAAKO-DMAAK3 
. delay 
IORD 1, IOWR i delay’ = tpparw tkKH - 30 
from DMAAKO- 
DMAAK3 J 
DMAAKO-DMAAKS T toRHDAH tkKH - 30 
delay from IORD Tt 
CLKOUT to control 1 toxcT1 0 40 
delay 
IORD f delay to IOWR ss towurH 5 40 
t 
TC output delay from tox 0 40 
CLKOUT t 
TC off output delay toKTCF 0 40 
from CLKOUT Tf 
TC pullup delay from toKTCH 0 40 
CLKOUT t 
TC low-level width troToL toyc - 15 
END setup time to tseDK 35 
CLKOUT tT 
END low-level width teEDEDL 100 
IORD, MRD low-level = tan ~~ 2tcyc - 40 
width 
IOWR, MWR low-level twwt 2tcyc -~ 40 
width (Expanded 
write) 
IOWR, MWA low-level twwe toyc ~ 40 
width (Normal write) 
DMARQO-DMARQ3 tspaK 15 
setup time to 
CLKOUT T 
CLKOUT J to toKLDA 0 45 
DMAAKO-DMAAK3 
delay 


Interrupt Control Unit, ICU (figure 27) 


INTPO-INTP7 low-level typip. 100 
width 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 





ns 


ns 


ns 


ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 
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Figure 1. Clock Timing 
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Figure 3. Basic Write (0 Wait) 
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Figure 4. Basic Write (1 Wait) 
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Figure §. Basic Read (0 Wait) 
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Figure 6. Basic Read (1 Waii) 
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Figure 7. External I/O Read (0 Walt) 
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Figure 8 External I/O Read (1 Wait) 
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Figure 9. External l/O Write (0 Wait) 
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Figure 10. External I/O Write (1 Waii) 
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Figure 11. Internal I/O Read 
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Figure 12. Internal l/O Write 
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Figure 13. Bus Sizing (0 Wait) 
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Figure 14. Bus Sizing (1 Wait) 
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Figure 15. Input Setup/Hold 
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Figure 16. Bus Lock 
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Figure 17. Bus Hold 
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Figure 18 Interrupt Acknowledge (Single Mode) 
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Figure 19. Interrupt Acknowledge (Cascade Mode) 
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Figure 20. Timer Control Unit (TCU) 
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Figure 21. Serial Control Unit (SCU) 
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Figure 23. DMA Timing 1 
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Figure 24. DMA Timing 2 
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Figure 25. DMA Timing 3; Cascade Mode (Normal Operation) 
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Figure 26. DMA Timing 4; Refresh Cycles To Be Inserted 
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Figure 27. ICU Timing 
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Figure 28. Memory Write for Coprocessor (0 Wait) 
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Figure 29. Memory Write for Coprocessor (1 Wait) 
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Figure 30. Memory Read tor Coprocessor (0 Walt) 
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Figure 31. Memory Read for Coprocessor (1 Wait) 
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FUNCTIONAL OPERATION 
The »PD70236 is described under these major headings. 


Central Processing Unit 
Clock Generator . 

Bus Operation 

System Control I/O 


Figure 32. CPU Block Diagram 
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CENTRAL PROCESSING UNIT (CPU) 
Architecture 


Aunique hardware architecture feature of the CPU is that 
it contains no microcode. Instruction decode and data 
path control are implemented using logic and small 
independent state machines. This greatly enhances in- 
struction execution speed. The V53 is four times faster 
than the V30. 


The CPU comprises the execution unit and the address 
generator. Figure 32 is the CPU block diagram. 


CPU Execution Unit 


The execution unit consists of a register file, an ALU, and 
instruction decode and execution control logic. 


In addition to the hardware control logic, the most 
significant feature of the execution unit is a dual-bus 
internal data path (figure 33). The ALU and many regis- 
ters are dual ported with a data bus on each port. This 
allows two operands to be transferred in one clock cycle 
instead of two. Performance is improved as much as 
30% by the dual data bus concept. 


Figure 33. Dual Data Buses 
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Register File. There are 12 registers in the internal RAM. 
Four are temporary registers used in the execution of 
certain instructions (LC, TA, TB, and TC). The other eight 
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are general-purpose registers (AW, BW, CW, DW IX, IY, BP, 
and SP). These contain either operand data or point-to-. 
operand data in memory. 


The temporary registers speed up instruction execution 
by serving as scratch pad registers during complex 
operations. 


The loop counter (LC) is used during primitive block 
transfer operations. It contains the count value. It is also 
a shift counter for multiple-bit shift and rotate instruc- 
tions. 


Temporary registers TA, TB, and TC are inputs to the 
ALU. They are used as temporary registers/shifters dur- 
ing multiply, divide, shift/rotate, and BCD rotate opera- 
tions. 


ALU. The ALU consists of a complete adder and logical 
operation unit. It executes arithmetic (ADD, SUB, MUL, 
DIV, INC, DEC, NEG, etc.) and logical (TEST, AND, OR, 
XOR, NOT, SET1, CLR1, etc.) instructions. 


Data Path Control Logic. This logic comprises the 
main instruction decoder and the execution control 
blocks. Its purpose is to determine which operations 
must be done and to schedule them. It transfers oper- 
ands, as required, and controls the ALU. State machines 
implement long, complex instructions. | 


Instruction Prefetching. The V53 is a pipelined ma- 
chine. To keep the pipeline running efficiently, it should 
be kept full of instructions in various stages of execu- 
tion. Instructions are fetched before they are needed and 
placed in the instruction processing queue (IPQ). 


Data in the IPQ is broken out by the decoder logic to 
determine what addressing modes will be used and what 
CPU resources are required to execute the prefetched 
instruction. To keep the 8-byte IPQ full, the bus control 
logic schedules an instruction prefetch cycle whenever 
there are at least 2 unused bytes in the IPQ. 


The IPQ is cleared whenever a control transfer instruc- 
tion (any branch, call, return, or break is executed). This 
is done because a different instruction stream will be 
used following a control transfer, and the IPQ will then 
contain instruction data that will never be used. When 
this happens, the V53’s pipeline is emptied and perfor- 
mance is reduced. To maximize performance, the num 

ber of control transfers should be minimized. 


Effective Address Generator. The effective address 
generator (EAG) logic computes a 16-bit effective ad- 
dress for each operand. This address is an offset into one 
of the four segments. Refer to figure 34. This effective 
address is passed on to the address modifier adder. The 
EAG decodes the first byte(s) of each instruction to 
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determine the addressing mode and initiates any bus 
cycles required to fetch pointers/offsets from memory. 
Effective addresses are calculated in a maximum of 1 
clock period as compared with 5 to 12 clocks for a 
microprogrammed machine. 


Figure 34. Effective Address Generator 


Effective Address 





Address Generator 


The address generator comprises the address register 
file, the address modifier (ADM), the address translation 
table, and the needed control logic. 


The registers in the address register file are PS, SS, DSO, 
DS1, PC, and PFP. The ADM is a dedicated adder that 
adds one of the segment registers to the effective ad- 
dress to produce the 20-bit normal address. The ADM 
also increments the prefetch pointer If extended ad- 
dressing is enabled, the address translation table is 
accessed to map the 20-bit address into a 24-bit ex- 
tended address. 


For instruction stream data, addresses are generated 
differently. The prefetch pointer contains a 16-bit offset 
into the PS segment that points to the next instruction 
word to be prefetched. The program counter contains an 
offset into the PS segment that points to the instruction 
that is currently being executed. As part of all control 
transfers, the PFP is set to the same value as the PC. 


CPU Addressing Mechanism 


The V53 is completely compatible with the 1PD70108/116 
in its addressing modes and in the way that addresses 
are computed. It offers a method of expanding the 
memory address space to 16M bytes. 


The I/O space is 64K bytes (16-bit address). The normal 
memory address space is 1M byte (20-bit address), and 
the expanded address space is 16M bytes (24-bit ad- 
dress). See figure 35. Expanded addressing is enabled or 
disabled using the BRKXA and RETXA instructions. 


The memory space is accessed when an instruction uses 
a memory addressing mode. Memory addresses are 
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calculated as described below. The I/O space can only 
be accessed through the IN, OUT, INM, and OUTM 
instructions. 


Certain areas of the V53 address spaces (physical for 
normal mode and logical for expanded addressing 
mode) are reserved. . Memory addresses 0-3FCH are 
used for the interrupt vector table (figure 35) located in 
the interrupt operation section. Memory addresses 
FFFFOH-FFFFFH must contain a branch to boot code; 
PC, PFP, and PS are initialized at RESET to point to this 
area. 


/O addresses FFOOH-FFFFH are reserved for the ad- 
dress translation registers and system control registers. 
The DMAU, TCU, ICU, and SCU sections each contain a 
block of registers with programmable base addresses. 
They may be located inside any 256-byte block in the I/O 
space. See figure 36. 


Figure 35. Memory Address Space 
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1/O Addresses 


\/O devices can be referenced by 8-bit immediate ad- 
dresses or by 16-bit addresses via the DW register. If I/O 
operations require other more complex addressing 
modes, the I/O devices must be placed in the memory 
address space (using memory-mapped I/O techniques). 
For memory-mapped 1|/O devices, there are no restric- 
tions on instruction or addressing mode usage. However, 
the V58 will not automatically insert 6 clock cycles after 
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memory-mapped I/O operations; external logic must 
provide the necessary !/O device recovery time. 


Figure 36. 1/O Address Space 
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Normal Memory Addresses 


The V53 is a 16-bit device with 16-bit registers. To allowa 
memory address space larger than 64K bytes, memory 
segmentation is used. The 1M-byte memory address 
space is divided into 64K-byte segments. Up to four 
segments can be in use at any given time. The base 
addresses of the four active segments (program seg- 
ment, stack segment, data segment 0, and data segment 
1) are contained in four 16-bit segment registers (PS, SS, 
DSO, and DS1, respectively). The 16-bit value in each 
register is the upper 16 bits of the 20-bit memory ad- 
dress. Thus, segments must start on 16-byte boundaries. 


As described above, the V53 hardware generates a 16-bit 
effective address for each memory operation. This effec- 
tive address is an offset into one of the four active 
segments. The actual 20-bit memory address is com- 
puted by adding the EA to the segment register value 
expanded with zeros to 20 bits. Figure 37 shows this 
process. 





Figure 37. 20-Bit Address 
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If normal addressing mode is enabled, this 20-bit result is 
presented on the address bus during the bus cycle. If 
expanded addressing mode is enabled, this address is 
used as a logical address. 


Expanded Addresses 


in the expanded addressing mode, the memory space is 
divided into 1024 pages (figure 35). Each page is 16K 
bytes. Each page of the normal 20-bit address space is 
mapped to a page in the expanded address space using 
a 64-entry address translation table. The table is made 
up of 64 page registers that reside in the I/O space. 


The programming model of this mode is the same as for 
the normal mode. Address expansion is a layer added to 


- the normal mode that is transparent to executing code. 


The program still sees a 20-bit contiguous logical mem- 
ory address space, but the hardware sees 64 pages 
mapped into a set of 1024 physical pages. 


The I/O space is not affected by the expanded address- 
ing mode. 


The address translation mechanism is shown in figure 
38. The upper 6 bits of the logical 20-bit address select 
one of the entries in the address translation table, which 
supplies a 10-bit value. This value is substituted for the 
original 6 bits in the normal address to create a 24-bit 
expanded address. 
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Figure 38. Address Translation Mechanism 
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Address Expansion Registers 


These are the page and XAM registers, accessed by. the 
word IN and OUT instructions. Figure 39 shows page 
register usage and |/O addresses. The page registers 
contain the 10-bit physical page base address. The XAM 
register is a read-only status flag that indicates whether 
expanded addressing is enabled. 


Unused data bits in the XAM register are read as 0. 
Expanded addressing must be disabled before access- 
ing any of the page registers. That is, if expanded mode 
is enabled, the page registers cannot be accessed. This 
prevents an expanded mode task from accidentally mod- 
ifying its memory map. . 
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= 39. Address Expansion Registers 
Page Registers 


Logical Address Ajp-Ayqg PGR Selected PGR I/O Address 
0 PGR1 FFOO 
1 PGR2 FFO2 
2 PGR3 | FFO4 
3 -PGR4 FFO6 
63 PGR64  FF7E 
XAM Register 


Operand Addressing Modes 
For operand addressing, the V53 offers nine modes. 


Register 

Immediate 

Direct 

Register indirect 

Indexed 

Based 

Based indexed 

e Bit 

@ Autoincrement/autodecrement 


Register. The operand is ina ve register pointed to by 
the instruction. 


Immediate. The opérand is in the instruction stream 
following the opcode of the instruction. This data will 
have been prefetched. Immediate data uses the V53 
pipeline efficiently. 


Direct. Immediate data in the instruction stream points 
directly to the operand. This data can be a 16-bit effec- 
tive address or a bit field length of 4 bits. 


Register Indirect. A 16-bit register (IX, IY, or BW) 
contains a 16-bit effective address. 


Indexed. One or two bytes of immediate data are 
treated as a signed displacement that is added to the 
contents of a 16-bit index register (IX or IY) to obtain a 
16-bit effective address. 


Based. One or two bytes of immediate data are treated 
as a signed displacement that is added to the contents of 
a 16-bit base register (BP or BW) to form a 16-bit 
effective address. 


Based Indexed. One or two bytes of immediate data 
are treated as a signed displacement that is added to two 
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16-bit registers (BP or BW and IX or IY) to form the 
effective address. This mode is useful for array address- 
ing. 

Bit. Used with NOT1, CLR1, or TEST1. A 4-bit immediate 
data value SET1 selects a bit in a 16-bit operand. For 
8-bit operands, only 3 bits are used. 


Autoincrement/Autodecrement. Some iterative opera- 
tions (such as MOVBK or INS) will automatically incre- 
ment or decrement index registers after each iteration. 
Specifically, IX is used in addressing a source pointer, 
and/or lY is used in addressing a destination pointer 
After the operation, both will be incremented or decre- 
mented (according to the PSW DIR control flag) to point 
to the next operand in the array. 


Instruction Addressing Modes 


Instruction address modes are basically the same as the 
operand addressing modes, but the PC is always used in 
the register These modes are used in control transfer 
instructions. 


Direct 

Relative 
Register 
Register indirect 
Indexed 

Based 

Based indexed 


Direct. Four bytes of immediate data are taken as an 
absolute address and loaded directly into the PS and PC 
(and PFP). 


Relative. One or two bytes of immediate data are a 
signed displacement that is added to the contents of the 
PC, and then placed in the PC (and PFP). This mode is 
useful to create position-independent code. 


Register. The register selected by the instruction (AW, 
BW, etc.) contains an effective address, which is loaded 
into the PC (and PFP). , 


Register Indirect. An index register (IX, IY, or BW) 
points to a memory location that contains an effective 
address (short pointer) or a segment register value and 
the effective address (far pointer). This effective address 
is read from memory and loaded into the PS and/or PC 
(and PFP). 


Indexed. One or two bytes of immediate data are a 
signed displacement added to the contents of a 16-bit 
index register (IX or lY) to form an effective address. This 
address is used to fetch another effective address from 
memory, which is then loaded into the PC (and PFP). 


Based. One or two bytes of immediate date are a signed 
displacement added to the contents of a 16-bit base 
register (BP or BW) to form an effective address. This 
address is used to fetch another effective address from 
memory, which is then loaded into the PC (and PFP). 


Based Indexed. One or two bytes of immediate data are 
a signed displacement added to the contents of two 
16-bit registers (BP or BW and IX or IY) to form an 
effective address. This address is used to fetch another 
effective address from memory, which is then loaded into 
the PC (and PFP). 


CPU Register Configuration 


Program Counter (PC). The PC is a 16-bit register 
containing the effective address of the instruction cur- 
rently being executed. The PC is incremented each time 
the instruction decoder accepts a new instruction from 
the prefetch queue. The PC is then loaded with a new 
value during execution of a branch, call, return, or break 
instruction, and during interrupt processing. 


Segment Registers (PS, SS, DS0,DS1). There are four 
segment registers, each containing the upper 16 bits of 
the base address of a 64K logical segment. Since logical 
segments reside on 16-byte boundaries, the lower 4 bits 
of the base address are always zero. Normal 20-bit 
memory addresses are formed by adding the 16-bit 
effective address to the base address of one of the 
segments. During this operation, certain types of effec- 
tive addresses will be paired with specific segment 
registers. 


Segment Register Default Offset 
PS (program segment) PFP 


SS (stack segment) SP, effective address 
DSO (data segment 0) IX, effective address 
DS1 (data segment 1) lY 


Program instructions will always be fetched from the 
program segment. Whenever the lY index register ad- 
dresses an operand, the DS1 segment register will be 
used. DSO is usually used with IX. Stack operations with 
the SP will always use the stack segment. For other 
effective addresses, the table above shows the default 
segment, but another segment may be selected by a 
segment override prefix instruction. 


General-Purpose Registers (AW, BW, CW, DW). The 
four 16-bit general-purpose registers can be accessed as 
16-bit or 8-bit quantities. When the AW, BW, CW or DW 
destination is used, the register will be 16 bits. When AL, 
AH, BL, BH, CL, CH, DL, or DH is used, the register will 
be 8 bits. AL will be the low byte of AW and AH will be the 
high byte, etc. 
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Some operations require the use of specific registers. 


Register Operation 


AW Word multiplication/division, word 1/O, 
data conversion 

AL Byte multiplication/division, byte 1/O, BCD 
rotation, data conversion, translation 

AH Byte multiplication/division 

BW Translation 

CW Shift instructions, rotation instructions, 
BCD operations 

DW Word multiplication/division, indirect 


addressing !/O 


Pointer (SP, BP) and Index Registers (IX, IY). These 
registers are used as base pointers and index registers 
when based, indexed, or based indexed addressing 
modes are used. 


They may also be used as general-purpose registers for 
data transfer, arithmetic, and logical instructions. They 
can only be accessed as 16-bit registers. 


Some operations use these registers in specific ways. 


Register Operation 


SP Stack operations 

IX Source pointer for block transfer, bit field, 
and BCD string operations 

lY Destination pointer for block transfer, bit 


field, and BCD string operations 


Program Status Word (PSW). The program status word 
reflects the status of the CPU by six status flags and 
affects the operation of the CPU by three control flags. 


PSW 


15 8 
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7 0 
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Status Flags Control Flags 


V Overflow DIR Direction 

S Sign IE Interrupt enable 
Zz Zero BRK Break 

AC Auxiliary carry 

P Parity 

CY Carry 
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The DIR control flag determines whether address point- 
ers are incremented (1) or decremented (0) for block 
(string) operations. IE enables interrupts (1) or disables 
interrupts (0). BRK enables (1).or disables (0) the single 
stepping trap (vector 1). 


The PSW cannot be accessed directly as a 16-bit register. 
Specific instructions set/reset the control flags. When 
the PSW is pushed on the stack (as during interrupt 
processing), the PSW is set as shown in the diagram 
above. 


Interrupt Operation 


The interrupts supported by the V53 can be divided into 
two types: those generated by external interrupt re- 
quests and traps generated by software processing. 
Interrupts of each type are listed below. 


e External Interrupts 
— NMI input (nonmaskable) 
— INTPO-INTP7 (maskable) 
© Software Traps 
— Divide error during DIV or DIVU instruction 
— Array bound error during CHKIND 
— Single-step (PSW BRK flag = 1) 
— Undefined instruction 
— Coprocessor error 
— Coprocessor not connected 
— Break instructions (BRKV, BRK3, BRK immés, 
BRKXA) 


The eight INTP interrupts are handled by the interrupt 
contro! unit (ICU). The ICU prioritizes the INTPs and 
produces a single INT output, an internal signal that 
goes to the CPU interrupt logic. There the interrupt 
prioritization flow diagram (figure 40) is implemented. 
Interrupts are prioritized by the CPU as follows. 


NMI (highest priority 

INT 

BRK flag 

Other software interrupts and exceptions 
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Figure 40. Interrupt Prioritization Flow Diagram 
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Interrupts are not accepted by the CPU at certain times. 
NMI, INT, and BRK flags are not accepted under the 
following conditions. 


(1) Between execution of a MOV or POP that uses a 
segment register as an operand and the next in- 
struction. 


(2) Between a segment override prefix and the next 
instruction. 


(8) Between a repeat or BUSLOCK prefix and the next 
instruction. 


INT is not accepted when the PSW. IE flag is 0, or 
between. an RET! or POP PSW and the next instruction. 


Once an interrupt has been accepted by the CPU, an 
interrupt service routine will be entered. The address of 
this routine is specified by an interrupt vector stored in 
the interrupt vector table (figure 41). For most interrupts, 
the vector used depends on what interrupt is being 
processed (e.g., NMI always uses vector 2). For INT and 
BRK immé interrupts, any vector may be used; the 
vector number is supplied by the ICU or an external 
device (such as a »PD71059) in the case of INT, or by 
immediate data in the case of BRK. 


The interrupt vector table uses 1K bytes of memory at 
addresses 000H to 3FFH and stores up to 256 vectors. 


Figure 41. Interrupt Vector Table 
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BRK 98 Instruction 
BRKV Instruction 
CHKIND Instruction 


Reserved 


General Use 
* BRK Imm Instruction 
INT Input [External] 


Undefined Instruction Trap 


General Use 
¢ BRK Imm8 Instruction 
¢ INT Input [External] 


uPD72291 AFPP Error 
Other Coprocessor Error 
Coprocessor Does Not Exist 
General Use 


BRK Imm8 Instruction 
INT Input [External] 
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Each interrupt vector consists of four bytes. The two low 
bytes are loaded into the PC as the offset, and the two 
high bytes are loaded into the PS as the base address. 
See figure 42. 


Figure 42, Interrupt Vector 0 
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Based on this format, the contents of each vector should 
be initialized at the beginning of the program. The basic 
mechanism for servicing an interrupt follows. 


(SP — 1, SP — 2) <— PSW 
(SP - 3, SP - 4) < PS 
(SP - 5, SP - 6) < PC 
SP — SP-6 

IE < 0, BRK <0 

PS < vector high bytes 
PC < vector low bytes 


When an interrupt is accepted, two possible PC values 
could be saved. For some interrupts, the offset of the 
current instruction is saved. These interrupts are divide 
error, CHKIND, illegal opcode, »PD72291 FPP error, 
other coprocessor error, and CP not present. For the 
other interrupts (NMI, BRK flag, BRK instruction, or ICU 
interrupt), the offset of the next instruction is saved. 


CLOCK GENERATOR (CG) 


The clock generator (figure 43) is driven by a crystal 
connected to pins X1 and X2 or an oscillator connected 
to pin X1 with no connection at pin X2. The source 
frequency is divided to supply various clocks to internal 
units (CPU, DMAU, etc.) and to external devices at pins 
CLKOUT and PCLKOUT. . 
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Figure 43. Clock Generator Diagram 
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BUS OPERATION 


The V53 uses a synchronous bus interface. The X1 and 
X2 inputs provide a reference oscillator frequency for the 
internal clock generator, which supplies the main system 
clock to the other internal devices and to external 
devices via the CLKOUT pin. All V53 bus timings and 
instruction execution clock counts are specified relative 
to the CLKOUT signal. Bus cycles start on the falling 
edge of CLKOUT. 


The V53’s internal bus is a multimaster, shared bus. The 
CPU, DMAU, or REFU can all be bus masters. Each 
requests bus mastership from the bus arbitration unit 
(BAU). External devices can also request mastership of 
the bus using the HLDRQ input. 


Bus Interface Unit (BIU) 


The BIU contains the interface logic that allows the three 
internal bus masters (CPU, DMAU, and REFU) to control 
the external address, data, and control buses. The BIU 
also synchronizes the BS8/BS16, RESET, and READY 
inputs to the system clock. When a reset signal is 
accepted, the BIU asserts the RESOUT output. 








Bus Arbitration Unit (BAU) 


The BAU accepts and grants five different requests for 
bus mastership in the following priority order. 


REFU demand (highest) 
DMAU request 

HLDRQ 

CPU request . 

REFU request 


The refresh unit is assigned both the highest and the 
lowest priorities. Normally, REFU requests are made, 
and if the bus is not granted, they are placed in a queue. 
Once the queue depth reaches seven requests, a refresh 
demand is made, and the BAU gives this the highest 
priority. . 


Bus Wait Function 


When the bus is active and the BAU receives a higher 
priority request, the BAU will take away its grant to the 
current bus master. But the current master may not 
release the bus immediately. The BAU will wait until the 
current master takes away its request before granting 
the bus to the higher priority requester. This is called bus 
waiting. 


For example, if an external device has been granted the 
bus via the HLDAK output, and the DMAU requests the 
bus (DMA is higher priority than HLDRQ), the V53 will 
deassert HLDAK but will not take the bus back until the 
external master deasserts HLDRQ. Note that the exter- 
nal master is not required to immediately release the bus 
back to the V53; the BAU will wait until HLDRQ is 
removed. — 


Usually a higher priority request will be granted quickly; 
for example, if a DMA request is accepted during T2 of a 
CPU bus cycle, the next bus cycle will usually be a DMA 
cycle. However, each internal bus master will hold onto 
the bus under certain circumstances. 


The CPU will not let go of the bus as long as the 
BUSLOCK prefix is used, or until the current bus opera- 
tion is completely finished (an unaligned or bus-sizing 
operation may take more than one bus cycle). Likewise, 
when it is in bus hold mode, the DMAU will not release 
the bus until all active DMA requests have been pro- 
cessed. 


This mode should be used with care as it can result in 
DRAM refresh errors if the DMA takes a long time to 
complete. Note that bus hold mode is only available 
when DMAU is in pPD71071 compatibility mode; 
»PD71037 mode is always in bus release mode. 
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External Bus Masters 


At times, external bus masters will need to use the V53 
bus. There are two methods provided for that purpose: 
hold request and DMA cascade. Up to five external bus 
masters can be connected to the V53. 


Hold Request. The external bus master can request the 
bus using a hold request. Hold request is implemented 
using the HLDRQ and HLDAK signals. The V53 grants 
the bus by floating many of its outputs and asserting 
HLDAK to notify the external device that the bus is now 
free. 


DMA Cascade. DMA cascade is very similar to hold 
request; the difference is that a DMARQ/DMAAK signal 
pair requests and grants the bus. While DMA cascade is 
meant to be used to connect additional DMA controllers, 
it can be used by any type of external bus master. Since 
there are four DMA channels, each of which can be in 
cascade mode, up to four external masters can be 
connected by DMA cascade. 


Bus Cycle Descriptions 


Each of the internal bus masters uses the V53 bus 
interface in a different way: DMA bus cycles -have a 
different structure than CPU bus cycles or REFU cycles. 
There are 18 different V53 bus cycles summarized previ- 
ously in table 1. 


CPU Bus Cycles 


The bus state diagram for CPU cycles is shown in figure 
44, CPU bus cycles are nominally two clock periods long, 
and may be extended by adding wait states using either 
the internal wait state generator or the external READY 
input. 
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Figure 44. CPU Bus State Diagram 


BUSRQ = 1 
CPUGT = 1 
READY = 1 


BUSRQ = 1 
CPUGT = 1 
READY = 1 


Always 


BUSRQ = 1 
CPUGT = 1 


BUSRQ = 0 
CPUGT = 1 
READY = 1 


CPUGT =0 
READY = 1 


CPUGT = 0 


BUSRQ =0 


CPUGT =1 BUSRO—0 


CPUGT = 1 
READY = 1 


Ti idle state 

11 Start bus cycle 

T2 Sample READY, DATA 

Tw Wait for READY = 1 ; 

TH Bus hold state; release bus to external BAU 


BUSRQ = 1 when a read or write bus cycle is requested. 
CPUGT = 1 when BAU grants internal bus to CPU. 
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The first state of every bus cycle is T1, and it is followed 
immediately by T2. READY is sampled on the rising 
(middie) edge of T2. If READY is not asserted, the next 
bus state will be the TW wait state. TWs will be inserted 
until READY is sampled low, after which the bus cycle 
will finish. TWs also will be inserted by the wait state 
generator, and the READY input is ignored until all TWs 
programmed in the wait state have been inserted. The 
dynamic bus sizing input, BS8/BS16, is sampled at the 
same time as READY. 





Note that dynamic bus sizing is only implemented for 
CPU cycles; DMAU or REFU cycles do not use this input. 


Address and bus status are output after the leading edge 
of Ti, and maintained until after the cycle is completed. 
A strobe, BCYST, is asserted during T1 to indicate the 
beginning of a bus cycle. BCYST is output following the 
leading edge of T1 and deasserted after the leading edge 
of T2. 


Write data is driven on Do-D45 following the rising (mid- 
dle) edge of T1, and maintained until after the rising edge 
of T2 or the last TW. Read data is sampled on the trailing 
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edge of T2 or the last TW state. A strobe, DSTB, gives the 
status of the V53 data bus. DSTB is asserted after the 
rising (middle) edge of T1. DSTB is deasserted after the 
rising edge of T2 or the last TW for a write cycle, and after 
the trailing edge of T2 or the last TW for a read cycle. 








\/O cycles are identical to memory cycles except for the 
encoding of the bus status lines. However, six idle states 
are inserted after every I/O bus cycle to provide a 
recovery time for the I/O devices. 


Dynamic Bus Sizing for CPU Cycles 


The V53 supports dynamic bus sizing for CPU cycles. On 
a cycle-by-cycle basis, the width of the data bus can be 
changed from 16 to 8 bits. This simplifies connection 
with 8-bit I/O devices that may have internal registers at 
consecutive byte addresses. Other 16-bit CPUs require 


Table 3. Write Cycle Bus Sizing 
Type Address Ao UBE Cycle 
Byte Even 0 1 1st 
Odd 4 0 1st 
Word Even 0 1 ist 
1 0 2nd 
Odd 1 0 1st 
0 1 2nd 


Note: Lower = low-order byte; Upper = high-order byte 


Table 4. Read Cycle Bus Sizing 


Type Address Ao UBE Cycle 
Byte Even 0 1 ist 
Odd 1 0 ist 
Word Even 0 1 1st 
1 0 2nd 
Odd 1 0 ist 
0 1 2nd 


Note: Lower = low-order byte; Upper = high-order byte 


CPU Bus Cycle Types. There are many types of CPU 
bus cycles (shown previously in table 2). They comprise 
read, write, and acknowledge cycles. 


CPU Read Cycles. There are six CPU read cycles: mem- 
ory, external I/O, internal I/O coprocessor, coprocessor 
data reads, and instruction fetch. All have the general 
timing described previously. Coprocessor reads access 


16-Bit Bus (BS8/BS16 = 1) 


16-Bit Bus (BS8/BS16 = 1) 


Not used 
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two ROMs for startup code, but the V53 dynamic bus 
sizing makes it possible to use a single 8-bit wide ROM. 


External logic requests an 8-bit data path by driving 
BS8/BS16 low in time for the V53 to sample it on the 
rising edge of T2 (or TW). The V53 will perform an 
additional cycle if needed to finish the operation in 
byte-wide pieces. 


If the bus operation is already 8 bits wide, no further bus 
cycles will occur (refer to tables 3 and 4). For a read 
cycle, the data will be sampled on D7-Do. For a write 
cycle to an even address, data will be driven on D7-Do. On 
all byte writes to an odd address, the V53 will put the 
byte data on both the upper and lower data buses so that 
the write data will be on D7-Do as well as Dy5-Dg. 


If the bus operation is 16-bit, two bus cycles will be 
required. The first one, in which BS8/BS16 is sampled 
low, will handle the low byte. The second cycle will take 
the form of a byte read or write using D7-Do. 


8-Bit Bus (BS8/BS16 = 0) 


Dy5-Dg D7-Do Di5"Dg D7-Do 
Invatid Lower Invalid Lower 
Lower Lower Lower Lower 
Upper Lower Upper Lower 
Not needed for 16-bit bus Upper Upper 
Lower Lower Lower Lower 
Lower Upper Lower Upper 


8-Bit Bus (BS8/BS16 = 0) 


Dy5-Dg D7-Do D15-Dg D7-Do 
Not used Lower Not used Lower 
Lower Not used Not used Lower 
Upper Lower Not used Lower 
Not needed for 16-bit bus Not used Upper 
Lower Not used Not used Lower 
Upper Not used Upper 


the internal registers of an external coprocessor. Copro- 
cessor data reads transfer data from memory to an 
internal coprocessor register. Instruction fetches fill the 
V53’s 8-byte instruction queue from the memory space. 
1/O and memory reads transfer data to the V53 from an 
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internal or external I/O device or a memory location. 
During internal !/O reads, the IORD and BUFEN outputs 
are not asserted. 





Dynamic bus sizing is ignored during internal 1/O read 
cycles, and is not recommended for coprocessor data 
read cycles. The wait state generator does not affect 
internal I/O reads or coprocessor reads. READY is used 
for all CPU read cycles. 


CPU Write Cycles. There are five types of CPU writes. 


Memory writes transfer data from the V53 to a memory 


location. External and internal I/O writes transfer data 
from the V53 to external or internal I/O devices. During 
internal I/O writes, the IOWR and BUFEN outputs are not 
asserted. Coprocessor data writes transfer data from an 
external coprocessor to a memory location. Coproces- 
sor writes transfer data from the V53 directly to a 
coprocessor internal register. 





Dynamic bus sizing is ignored during internal I/O read/ 
writes, and is not recommended for coprocessor data 
write cycles. The wait state generator does not affect 
internal I/O writes or coprocessor writes. READY is used 
for all CPU write cycles. 


Interrupt Acknowledge Cycles. The CPU interrupt ac- 
knowledge operation takes two consecutive bus cycles. 
The first cycle freezes the state of the internal interrupt 
control unit (ICU) and any external slave »PD71059 
interrupt controllers. The second bus cycle reads an 
8-bit vector number on D7-Dpo, supplied by either the ICU 
or an external slave. This vector number is then used by 
the CPU as an index into the interrupt vector table to 
select an interrupt handler. The BUSLOCK output is 
asserted for the first cycle, and remains asserted until 
after the second to guarantee that no other bus master 
will take contro! of the bus until the interrupt has been 
accepted. 


There are two types of interrupt acknowledge cycles 
produced by the V53: a master and a slave. The INTAK 
output is asserted for both types, and should be con- 
nected to the interrupt acknowledge inputs of all slave 
devices. The master cycle is used for the first INTAK to 
both internal and external ICUs, and the second INTAK 
to the internal ICU. The slave cycle is used only for the 
second INTAK to an external slave device. 





During the slave cycle, the address of the slave device to 
be used is presented on Ao-Ap. These address lines 
should be buffered and then connected to the slave 
address inputs of the external ICUs. Buffering is neces- 
sary because the slave address pins of external devices 
might be in an output state on power-up, producing a 
bus conflict on Ag-Ag if they are connected directly. 
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Dynamic bus sizing is ignored during the interrupt ac- 
knowledge cycles. Wait states can be inserted ‘by the 
internal wait state generator or by the READY input. 





Halt Acknowledge Cycle. When the CPU executes a 
HALT instruction, a halt acknowledge bus cycle is issued 
to notify external logic that the V53 is.entering a standby 
mode. This cycle is always two clocks long; READY is 
ignored and DSTB is not asserted. The V53 has several 
standby modes. 


DMA Unit Bus Cycles — 


Figure 45 shows the bus state diagram for DMA bus 
cycles. There are eight different states. When the DMAU 
is idle, it is in state SI. In this state, it is continually 
sampling the four DMARQ inputs. When a request is 
detected, the DMAU requests use of the V53 bus from 
the BAU, and enters state SO. It remains in SO until the 
BAU grants the bus to the DMAU, at which point the 
actual DMA bus cycle starts with state $1. Addresses 
and control status are output along with BCYST and 
DMAAK. 


DMA bus cycles are nominally four clocks long, but they 
can be stretched by the internal wait state generator or 
READY. $1 always changes to $2 and then to S3. 
Memory and I/O strobes are asserted during $2, $3, and 
SW. READY is sampled during $2 for use during S3. If 
waits are inserted, the SW state is entered. Control stays 
in that state until no more waits are desired. If no waits 
are inserted, $3 moves to $4 and the current cycle is 
over. ; 














Depending on the DMA mode, another DMA cycle might 
be ready to start immediately (e.g., in burst mode), or 
another DMA request input may now be asserted. During 
$4, a decision is made whether to begin another DMA 
cycle at $1, to return to SI, or to enter the bus wait state 
S4W. The fatter transition will be made if another DMA 


- cycle is ready to start but the BAU has taken the bus 


away from the DMAU. In S4W, the DMAU releases the 
bus, but is ready to begin as soon as the bus is granted 
again and the DMA request is still pending. 
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Figure 45. DMAU Bus State Diagram 





Always 
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Always 


DMA incomplete; bus hold mode 
(block or demand modes only) 


DMA complete; or single mode 


DMARQ = 0 


Idle state; sample DMA requests. 

Wait for BAU to grant bus to DMAU. 
Output DMA memory address. 

Assert strobes; sample READY, END. 
Check READY. 

End of DMA cycle; check DMA completion. 
Bus wait state; release bus to BAU. 

Wait for READY = 1. 


DMA Read Cycle. The DMAU performs “fly-by” DMA. 
During one DMA read bus cycle, data moves from the 
source address in memory to the destination I/O device. 
The V53 puts the memory address on Agg-Ap, and asserts 
MRD. At the same time, IOWR is asserted. Memory will 
drive the DMA data onto the bus, and the IOWR signal 
will latch the data into the I/O device. DMAAK should be 
used to control chip select at the I/O device. Since the 
V53 does not use the data, BUFEN is not asserted during 
DMA bus cycles. 


DMA Write Cycle.The DMAU performs “fly-by” DMA. 
During one DMA write bus cycle, data moves from the 
source I/O device to the destination address in memory. 
The V53 puts the memory address on Ag3-Ap, and asserts 
MWR. At the same time, IORD is asserted. The I/O device 
will drive the DMA data onto the bus, and the MWR 
signal will latch the data into memory. DMAAK should be 
used to control chip select at the !/O device. Since the 
V53 does not use the data, BUFEN is not asserted during 
DMA bus cycles 


Note that when DMA writes are made to DRAM, it may be 
necessary to generate a delayed CAS strobe because 
the data is being supplied by an I/O device that may have 








DMA incomplete; bus release mode 
DMAGT = 0 
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long access time. The write data may not be valid when 
the normal CAS signal is asserted. 


Dynamic bus sizing cannot be used for DMA operations. 
The internal wait state generator and READY can be 
used to stretch the cycle. 


DMA Cascade. During DMA cascade, the DMA state 
machine releases the V53 bus to an external bus master 
such as a p»PD71071 or »PD71037 DMA controller 
DMAAK is connected to the HLDAK input of the external 
device. DMAAK will stay asserted until the external 
master deasserts DMARQ. If the V53 BAU needs to give 
the bus to a higher priority bus master, DMAAK will be 
deasserted. The external bus master is expected to then 
deassert the DMARQ input, at which point the bus will be 
given to the higher priority bus master. 














Refresh Unit Bus Cycles 


The refresh unit performs memory read cycles from 
consecutive memory addresses. These bus cycles are 
the same as CPU memory read cycles, except that the 
REFRQ output is asserted. External logic should use the 
REFRQ logic to enable RAS for all memory banks, 
regardless of the address decoding scheme, so that all 
banks are refreshed. 
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Dynamic bus sizing cannot be used during refresh oper- 
ations. The internal wait state generator and READY can 
be used to stretch the cycle. 


SYSTEM INTERFACE 
System Memory Access Time 


Table 5 shows the system memory access time required 
for 12.5-MHz and 16-MHz V53 systems to run with zero, 
one, two, and three wait states. This is the time from 
when the address bus is valid to when the external 
system must present the read data on the data bus. 
These numbers are based on the preliminary ac timing 
given in this document and are subject to change. 


Table 5. Performance vs. Wait States 


12.5 MHz 16 MHz 
Memory System Relative Memory System Relative 


Number Cycle Access Perfor- Cycle Access Perfor- 
of Wait Time Time mance Time Time mance 
States (ns) (ns) (%) (ns) (ns) (%) 

0 160 113 78 125 78 100 
1 240 193 64 187.5 140.5 82 
2 $20 273 52 250 203 67 
3 400 353 43 312.5 265.5 56 


Note: Performance is relative to the 0 wait state, 16 MHz. 


Wait States 


Table 5 also illustrates the effect of wait states on 
performance. The V53 CPU overlaps bus interface oper- 
ations in time with instruction execution. This greatly 
reduces the effect of wait states on performance. Each 
bus cycle is nominally two clocks long, while the mini- 
mum instruction is two clocks with many instructions 
taking longer. 


There is some idle bus time when the CPU is processing 
a long instruction and the prefetch queue is full. Wait 
states can often fill these idle states. However, adding 
wait states to bus cycles reduces the bus bandwidth 
available for other bus masters, such as DMA control- 
lers. This is because some of the idle time that would 
have been available to them is used for CPU cycles. 
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Note that in all cases, a 16-MHz V53 with N+.1 wait 
states is faster than a 12.5-MHz device with N wait states 
but slower memory. 


Note also that the numbers are for comparison only. 
Different results will be obtained for other program 
mixes. 


Interfacing the n.PD72291 AFPP 


The AFPP is a very-high-performance floating-point co- 
processor able to process more than 530K floating-point 
operations per second at 16 MHz. 


The AFPP is programmed as an extension of the V53 
instruction set. The AFPP executes floating-point oper- 
ations, computes transcendental functions, and per- 
forms vector multiplications. 


AFPP instructions use the FP01 and FP02 formats. When 
one of these opcodes is encountered and an AFPP is 
connected, a coprocessor protocol routine is entered. 
The V53 computes any effective addresses required, 
reads or writes the operands for the AFPP, and tells the 
AFPP which operation should be performed. 


The AFPP responds by asserting its BUSY output when it 
starts the operation. The V53 will not start another AFPP 
operation until BUSY is deasserted, but may execute 
CPU instructions. When BUSY is deasserted, the V53 will 
transfer the AFPP status to the AW register. 


Figure 46 shows how to connect a V53 CPU to a 
p.PD72291 AFPP. The CPU reads and writes status and 
commands to the AFPP using coprocessor read and 
write cycles, which always take two clocks. AFPP oper- 
ands are written using coprocessor memory write/read 
cycles, which always require one wait state. The V53 
automatically inserts one wait state into these cycles so 
no external wait generation logic is required. 
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Figure 46. Connections Between the V53 
and 4PD72291 


pPD70236 pPD72291 
V53° xt Advanced 
CPU J 32 MHZ Floating-Point 


x2 Processor 


CLKOUT 


RESET 


> When only the 1PD72291 socket is provided and 
the 11PD72291 Is not connected, switch CPBUSY to GND. 
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On reset, CPBUSY is sampled. If it is low, the V53 
assumes that a coprocessor is connected. CPERR is 
also sampled to determine what kind of coprocessor is 
connected as follows. 


CPBUSY CPERR Coprocessor Connected 


1 x None 
0 0 pPD72291 
0 1 Another kind 


AFPP memory operands must always begin on an even 
address and may not reside in 8-bit wide memory. 
Dynamic bus sizing may not be used for AFPP operands. 


SYSTEM CONTROL I/O 
On-Chip Control Registers 


The V53 provides many on-chip control registers. Some 
of these reside in the 256-byte system I/O area (I/O space 
addresses FF00 to FFFF). These are shown in table 6. 
Other registers reside in small blocks associated with an 





on-chip peripheral (addresses are programmable). There 
are register blocks for DMAU, TCU, ICU, and SCU. The 
base addresses for these register blocks are program- 
mable using the OPHA, DULA, TULA, and SULA regis- 
ters in the system I/O area. See figure 47. 


Figure 47. Peripheral Relocation 


64K-byte I/O space 
256-byte area 


AR 


ae 
MY ICU AY 
[ie oe es ee 


KY TCU A 
bee eae en ed 
NY SCU AN 
pias 
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Table 6. System I/O Area 


1/0 Address Register Name Figure 
FFFFH Reserved _ 
FFFEH SCTL 48 
FFFDH OPSEL 49 
FFFCH OPHA 50 
FFFBH DULA 50 
FFFAH IULA 50 
FFFSH TULA 50 
FFF8H SULA 50 
FFF7H Reserved _ 
FFF6H WCY4 61 
FFF5H WwCY3 60 
FFF4H wcy2 59 
FFF3H WMBI1 55 
FFF2H RFC 62 
FFF1H SBCR 110 
FFFOH TCKS 51 
FFEFH-FFEEF Reserved _ 
FFEDH WAG 56 
FFECH WCYO 57 
FFEBH wcy1 : 58 
FFEAH WMBO 54 
FFESH BRC 52 
FFE8H Reserved ~ 
FFE7H-FFE2H Reserved ~ 
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Table 6. System I/O Area (coni) 


/O Address ’ Register Name Figure 
FFE1H BADR . 102 
FFEOH BSEL 103 
FFDFH-FF81H Reserved - 
FF80H XAM (Read Only) 39 
FF7FH-F FOOH PGR64-PGR1 39 


Note: All registers are Read/Write except XAM. 


System Control Register (SCTL) 


The SCTL register (figure 48) selects the 8-bit or 16-bit 
boundary of an internal peripheral relocation address. It 
also sets the internal DMAU in the »PD71071 or 
»PD71037 modes. In »PD71037 mode, SCTL controls 
propagation of carry from Ay5 to Aig or from Ayg to Ago. 
SCTL selects the baud rate generator or TOUT as the 
SCU clock. 


Figure 48. System Control Register (SCTL) 


T= [| — | 86 [cet | ceo [own ona 


7 0 
Address FF FEH 
sc SCU Input Clock 
0 TOUT1 
1 From baud rate generator 
CE1 Carry to Ago in pPD71037 
0 Does not propagate 
1 ; Propagates 
CEO Carry to Ajg in sPD71037 
0 Does not propagate 
1 Propagates 
DMAM DMAU Mode 
0 pPD71071 
1 p.PD71037 
10AG Internal I/O Address 
0 Even or odd (16-bit boundary) 
1 Contiguous (8-bit boundary) 


On-Chip Peripheral Selection Register (OPSEL) 


The OPSEL registers (figure 49) controls the V53 internal 
peripherals. Any of the four peripherals (DMAU, TCU, 
ICU, or SCU) can be independently enabled or disabled 
by setting the appropriate OPSEL bit. 
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Figure 49. On-Chip Peripheral Selection 
Register (OPSEL) 

Aare eS es Kae ee 
7 oa 0 
ss SCU Operation 

0 Disabled 

1 Enabled 
TS ‘TCU Operation 

0 Disabled 

1 Enabled 
IS ICU Operation 

0 Disabled 

1 Enabled 
DS DMAU Operation 

0 Disabled 

1 Enabled 


Internal Peripheral Relocation Registers 


The five internal peripheral registers fix the I/O ad- 
dresses of the DMAU, ICU, TCU, and SCU. Register 
OPHA fixes the high-order byte of the 16-bit I/O ad- 
dresses. Registers DULA, IULA, TULA, and SULA select 
the low-order byte of the I/O addresses for the DMAU, 
ICU, TCU, and SCU peripherals, respectively. 


The formats of the individual internal peripheral registers 
are shown in figure 50. Since address checking is not 
performed, two peripheral I/O address spaces should 
not be overlapped. . 
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Figure 50. Internal Peripheral Relocation 
Registers 


OPHA Reglster 


jhe Ac [se [Bia [A] nL | 


/O Address FFFCH 
DULA Register 


ION a [| Pot | A And | = 
ona = 08! Ar | Ae | As | Ae | - | - | - | - | 
1A = 1# ae ee es 


/O Address FFFBH 
* poe mode 
# »PD71037 mode 
IULA Register 


1OAG = 0 Ag | As | Ag | Ag 


IOAG = 1 Ag | As | Ag | Ag 
/O Address FFFAH 


TULA Register 


oc-0 [e[e[A[w[e[el-1-1 
oa-+ eTRTRTRTRT=T=TR 


7 /O Address FFF9H 
SULA Reglster 


[ar [as [4s [A Ts Te [= [= 
1OAG = 1 a | te [ALA | Me [—|~| | 


/O Address FF F8H 


IOAG = 0 


The IOAG bit of the SCTL register changes how the 
DULA, IULA, TULA, and SULA registers are used. When 
lIOAG = 1, the DAMU, ICU, TCU, and SCU registers are 
on contiguous bytes. When IOAG = 0, each of these 
byte-wide registers is put on a word boundary. Bit Ag 
selects the low or high byte of the word. This allows code 
written for a 16-bit system to be ported to a V53 design 
with no modifications. Because the DMAU registers in 
»#PD71071 mode are 16-bit, the IOAG bit in figure 50 is 
noted as “x” (don't care). 


Timer Clock Selection Register (TCKS) © 


The TCKS register (figure 51) selects the clock source for 
the timer/counters as well as the divisor for the internal 
clock prescaler. The clock source for each timer/counter 
is independently selected from an internal clock (figure 
43) or an external clock source (TCLK). 


The frequency of the internal clock selected by bits 2, 3, 
and 4 is programmable. The PS bits allow the clock to be 
set to the external oscillator frequency divided by 4, 8, 
16, or 32. 


Figure 51. Timer Clock Selection Register (TCKS) 
i En ee 
/O Address FFFOH 0 
Cs2 Clock Input to TCT2 
0 Internal clock 
1 TCLK pin 
cs1 Clock Input to TCT1 
0 Internal clock 
1 TCLK pin 
Cso Clock Input to TCTO 
10) Internal 
1 TCLK pin 
PS Prescale Divisor of External Oscillator 
00 4 
01 8 
10 16 
11 382 
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Baud Rate Counter (BRC) 


The BRC (figure 52) is an 8-bit, frequency-division 
counter for the dedicated baud rate generator. It sets the 
value by which an internal frequency is to be divided to 
provide the SCU with its baud rate clock. 


Figure 52. Baud Rate Counter (BRC) 


| Or | Oe | Os | &% | Ds | De | m% | Po 


7 V/O Address FFESH 0 


Table 7 illustrates the relationship between the baud 
rate and the value set in the BRC. 


Table 7. Baud Rate Setting by BRC 


Oscillation frequency 24.576 MHz 29.4912 MHz 
Oscillation frequency = 2 12,288 MHz 14.7456 MHz 
Baud rate factor (=) 16 64 16 64 
Internal frequency ~ 0.768 0.192 0.9216 0.2304 
Baud Rate Number of Counts Set In BRC 
1200 . _ 10020 192 
2400 - 80 - 96 
4800 160 40 192 48 
9600 80 20 96 24 
19,200 40 10 48 12 
38,400 20 5 24 6 
WAIT CONTROL UNIT 


The wait control unit (WCU) inserts from 0 to 7 wait 
states (TW) into a bus cycle to compensate for the 
varying access times of different memory and I/O de- 
vices. Each wait state is equivalent to one CPU clock 
cycle. The number. of wait states can be individually 
programmed for CPU, DMAU, REFU, INTAK, and exter- 
nal I/O cycles. The INTAK cycles can be programmed for 
2-7 wait states. 


For memory accesses, the address space is divided into 
a total of six sections (labeled High, Middle, and Low in 
figure 53). A different number of wait states can be 
programmed for each section, allowing much flexibility 
in the system design. The WCU works with the external 
READY input. After the proper number of TWs have been 
inserted into the bus cycle, READY will be sampled, and 
wait states will be inserted until it is asserted. 
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Figure 53. Memory Space Division 


Middle 
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The WCU can insert waits into memory or external I/O 
cycles, but not into coprocessor, internal |/O, or halt 
acknowledge cycles. 


Eight system I/O registers (figures 54-61) control the 
WCU. They are the wait state memory boundary regis- 
ters (WMBO and WMB1), the WCU address control reg- 
ister (WAC), and the wait state cycle count registers 
(WCY0-WCY4). 


Memory Boundary Registers (VWMBO, WMB1) 


The WMBO register divides the entire 16M-byte address 
space into three sections. The ELMB and EUMB fields 
specify the size of the upper and lower memory blocks. 
The middle block is the area left in between. The WCYO 
and WCY1 registers specify the wait states of each 
expanded memory block. 


In addition to dividing expanded memory, a specific 
1M-byte memory area can also be partitioned into three 
blocks for wait state generation. The WAC register deter- 
mines which 1M-byte area is referenced. The WMB1 
register divides this area into three blocks in the same 
manner as described above for WMBO. Registers WCY2 
and WCY3 specify the wait states for each block and 
also 1/O. 
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Figure 54. Memory Boundary Register 0 (WMBO) 


[=] oe 


/O Address FFEAH 0 
EL MB/EUMB Memory Block Size (Bytes) 
000 1M 
001 2M 
010 3M 
011 ; 4M 
100 5M 
101 6M 
110 7M 
111 8M 


Figure 55. sed Boundary Register 1 (WMB1) 


1/O Address FFF 3H 
LMB/UMB Memory Block Size (Bytes) 

000 32K 

001 64K 

010 96K 

011 128K 
100 192K 
101 256K 
110 384K 
111 512K 


Figure 56. WCU Address Control eoisier (VAC) 


a ae WA 


/O Address FFEDH 


Upper 4 bits of expanded address specifying a 1M- byte 
memory space 


‘oO 


UWA = 


Wait State Cycle Count Registers (WCY0-WCY4) 


Each WCY register has one or two 3-bit fields that set the 
number of waits for a particular kind of cycle or the 
number of waits to be inserted into cycles during which 
certain memory blocks are accessed. 


(1) WCYO and WCY1 (figures 57 and 58) pertain to the 
16M-byte memory space set by the WMBO register. 


(2) WCY2 and WCYS (figures 59 and 60) pertain to the 
1M-byte memory space set by the WMB1 register. 


(8) Also, the IOW field of WCYS3 sets the number of waits 
for external I/O cycles and interrupt acknowledge 
~ cycles. 


(4) The waits set by WCY3 cannot be inserted into the 
internal I/O area read/write cycle. 


(5) WCY4 (figure 61) sets the number of waits for DMA 
cycles and refresh cycles. 
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After RESET, the WCY registers are set to all is, thereby 
inserting seven waits into all cycles. This allows the use 
of slow ROMs. Initialization code must set the WCY 
registers to their values. 


Figure 57. WCY0 Register 
7 1/O Address FFECH 0 
EUMW *Walt States 

000 0 

001 1 

010 2 

011 3 

100 4 

101 5 

110 6 

111 7 


* Upper section of 16M-byte memory space 


Figure 58 WCY1 Register 


=] we 


[ 


1/0 Address FFEBH 0 
EMMW/EL MW *Wait States 
000 0 
001 1 
010 2 
011 3 
100 4 
101 5 
110 6 
111 7 


* Middle and lower sections of 16M-byte memory space 


Figure 59. WCY2 ai intial 
7 m3 Address FFF 4H 
MMW/LMW *Walt States 

000 0 

001 1 

010 2 

011 3 

100 4 

101 5 

110 6 

111 7 


* Middle and lower sections of 1M-byte memory space 
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Figure 60. WCY3 Register 


nt Ce ee ee 





7 /O Address FF F5H 0 
Walt States 
low Extl/O Cycles Int Ack Cycles 
000 0 2 
001 1 3 
010 2 2 
011 3 3 
100 4 4 
101 5 5 
110 6 6 
111 7 7 
UMW *Walt States 
000 0 
001 1 
010 2 
011 3 
100 4 
101 5 
110 6 
111 7 


* Upper section of 1M-byte memory space 


Figure 61. WCY4 Register 
| - | pMaw | — 
7 /O Address FFF6H 0 
DMAW/RFW *Walt States 

000 0) 

001 1 

010 2 

011 8 

100 4 

101 5 

110 6 

111 7 


* DMA cycle or refresh cycle, 


REFRESH CONTROL UNIT 


The refresh control unit (REFU) refreshes external dy- 
namic devices by periodically performing a memory 
read cycle from consecutive, incrementing addresses. A 
16-bit counter provides the refresh address. The upper 
bits (Azg3-Ai6) are low during refreshes. Each refresh bus 
cycle has two wait states inserted, so that it will be a 
minimum of 4 clocks long. Refresh cycles can be distin- 
guished from other memory reads by the assertion of the 
REFRQ output or by the bus status code. 


If the V53 is busy when it is time to perform a refresh, the 
refresh request is placed in a refresh queue until the bus 
is no longer busy. Normally, the REFU has the lowest bus 
priority. However, after seven refreshes are queued, the 
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REFU is given the highest bus priority. The REFU gets 
control of the bus, performs a burst of four refreshes, 
and then falls back to the lowest priority. This refresh 
queue ensures that refresh cycles are not lost even when 
the V53 is busy for long periods of time. 


Refresh Control Register (RFC) 


The RFC (figure 62) controls the refresh contro! unit. The 
RE bit enables or disables the REFU. The refresh interval 
is set by the RTM field by choosing refresh interval factor 
N, which determines how many CPU clock cycles elapse 
between refreshes. 


Refresh interval = 16 x Nx tcyco 


With a 16-MHz CPU clock, this allows a range of intervals 
from 1 to 32 ys. After RESET, N will be 9, which gives an 
interval of 9 ps. 





Since the V53 may operate with either 8- or 16-bit 
memory devices, the refresh address can be incre- 
mented by 1 (for 8-bit memory) or by 2 (for 16-bit 
memory). The RDB8 bit in the RFC makes the selection. 
In the word mode, UBE is always low (active) for refresh 
cycles. In the byte mode, UBE is asserted only for 
refreshes to an odd address. 


Figure 62. Refresh Control Register (RFC) 


[Re [ross] - {| Cm 


7 /O Address FFF2H 0 


RE Refresh 


0 Disable 
1 Enable 
RDB8 TCU Clock for Channel 2 
0 Increment by 2 (UBE = low level) 
1 Increment by 1 (UBE = high level for even addresses 


and low level for odd-addresses) 
RTM 


00000 
00001 
00010 


00011 
00100 


Refresh Interval Factor N 


"At Oh — 


11110 = 31 
11111 32 


TIMER/COUNTER UNIT 


The timer/counter unit (TCU) provides a set of three 
independent 16-bit timer/counters. Each timer has an 
individual output and gate control input. The clock 
source for each channel is set individually to either the 
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prescaled CPU clock or the external TCLK. TOUT1 is 
also internally connected to supply the baud rate clock 
to the SCU. Figure 63 is the TCU block diagram. 


The TCU has the following features. 


®@ Three 16-bit timer/counters 

@ Six programmable count modes 

® Binary/BCD counting 

@ Multiple latch command 

@ Count latch command 

© Choice of two clock sources 

@ 16-MHz operation 

e@ Functionally compatible with 1PD71054 (8254) 


Figure 63. TCU Block Diagram 


TCLK 
(External) 


Internal Signal 


a nT i 


—_ _ Ao A 
IORD IOWR (A1) (A2) TUS 


Read/Write Control 


Status 
Register 


TMD 
(Mode Register) 


Internal Data Bus 


Clock (External) 


Prescaler 


Because RESET leaves the TCU in an uninitialized state, 
each timer/counter must be initialized by specifying an 
operating mode and a count. Once programmed, a 
timer/counter will continue to operate in that mode until 
another mode is selected. When the count has been 
written to the counter and transferred to the down 
counter, a new count operation starts. Both the current 
count and the counter status can be read while count 
operations are in progress. Figure 64 is a flow diagram 
for TCU operations. 


TCTL1 
(External) 


TCTL2 
TCTLO (External) 
TOUT1 
(External) 


TOUT2 
TOUTO (External) 


(External) 


1 L(8) H(8) } £(8) 
ee 
Count 
Register 


' 
ces A 
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Figure 64. TCU Operating Procedure 


OUT 
Instruction 


Specify mode 
Write number < OUT 
of counts Instruction 


Latch from which «— OUT 
data is read Instruction 
Read data <— \N 
Instruction 


Write number 
of counts 
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TCU Commands 


The TCU is programmed by issuing I/O instructions to 
the I/O port addresses programmed in the OPHA and 
TULA registers. The individual TCU registers are se- 
lected by address bits Ap and A; or (A) and (Ag) as 
follows. 


Ag (Ay) Aj (Ao) Register Operation 

0 0 TCTO Read/write 
TSTO Read 

0 1 TCT1 Read/write 
TST1 ‘Read 

1 0 TCT2 Read/write 
TST2 Read 

1 1 TMD Write 


Timer Mode Register (TMD) 


The TMD register selects the operating mode for each 
timer/counter and issues the latch command for one or 
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more timer/counters. Figures 65, 66, and 67 show three 
configurations of the TMD register. 


Figure 65. TMD Register; Mode Word 
7 0 
sc Counter 

00 TCTO 

01 TCT1 

10 TCT2 

1 Multiple latch command 
RWM Read/Write Mode 

00 Counter latch command 

01 Lower byte only 

10 Upper byte only 

11 Lower byte followed by upper byte 
CMODE Count Mode 

000 Mode 0 

001 Mode 1 

x10 Mode 2 

x11 Mode 3 

100 Mode 4 

101 Mode 5 
BD Count 

0) Binary count 

1 BCD count 


x = Don't care. 


Figure 66. TMD Register, Count Latch Command 


a ea eee aes 
0 


7 


sc Counter To Be Latched 


00 TCTO 

01 TCT1 

10 TCT2 
Figure 67. TMD Register; Multiple Latch 

Command 

P+ fr [als [eelon[ool o | 
7 0 
CL Latches Count Data 

0 Yes 

1 No 
SL Latches Status 

0 Yes 

1 No 
CTn Selects Counter TCTn 

0 No 

1 Yes 
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Timer/Counter Registers (TCT) 


Writes to the timer/counter registers (TCTO-TCT2) stores 
the new count in the appropriate timer/counter. The 
count latch command is used before reading count data 
to latch the current count and prevent inaccuracies. 


Timer Status Registers (TST) 


The timer status registers (TSTO-TST2) contain status 
information for the specified counter. See figure 68. The 
latch command is used to latch the appropriate counter 
status before reading status information. If both status 
and counter data are latched for a counter, the first read 
Operation returns the status data and subsequent read 
operations obtain the count data. 


Figure 68. Timer Status Registers (TSTn) 


Popsc[ am | wove | oo 


7 0 


OL TOUTn Level 


¢) Low 
1 High 
NC Null Count 
0 Valid 
1 Invalid 
RWM Read/Write Mode 


Same as TMD register. 
CMODE Count Mode 

Same as TMD register. 
BD Count 

Same as TMD register 
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_ Count Modes 


There are six programmable timer/counter modes. The 
timing waveforms for these modes are shown in figure 
69. 


Mode 0 (Interrupt on End of Count). In mode 0, TOUT 
changes from low to high level when the specified count 
is reached. This mode is available on all timer/counters. 


Mode 1 (Retriggerable One-Shot). In mode 1, a low- 
level, one-shot pulse triggered by TCTL is output from the 
TOUT pin. 


Mode 2 (Rate Generator). In mode 2, TOUT cyclically 
goes low for one clock period when the counter reaches 
the 0001H count. A counter in this mode operates as a 
frequency divider. 


Mode 3 (Square-Wave Generator). Mode 3 is a fre- 
quency divider similar to mode 2, but the output has a 
symmetrical duty cycle. 


Mode 4 (Software-Triggered Strobe). In mode 4, when 
the specified count is reached, TOUT goes low for the 
duration of one clock pulse. 


Mode 5 (Hardware-Triggered Strobe). Mode 5 is simi- 
lar to mode 4 except that operation is triggered by the 
TCTL input and can be retriggered. 
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Figure 69. 


CLK 


1OWR 


TOUT 


Count Value 


10 


TOUT 


Count Value 


Count Value 


CLK 


1OWR 


TCTL2 


TOUT2 


Count Value 


lOWR 


TCTL2 


TOUT2 


Count Value 


Timer Counter Unit (TCU) Waveforms (Sheet 1 of 3) 
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Figure 69. Timer Counter Unit (TCU) Waveforms (Sheet 2 of 3) 





Mode 2 


CLK 


TCTL 





TOUT 


oun | n | n-1 | 0003H | 0002H | 0001H | 0003H | 0002H | 0001H ; 0003H | 0002H | 0002H | 0003H | 0002H | 0001H 
alue 


a LB=6 LB=4 
IOWR 





TOUT 


Pann | n | n-1 | 0006H | 0005H | 0004H | 0003H | 0002H | 0001H | 0004H | 0003H | 0002H 





Mode 3 


TCTL | 
TOUT | | | | 
0004H 


unt 
Woiue | n | n-1 | 0004H | 0002H | 0004H | 0002H | 0004H | 0002H | 0004H | 0004H | 
IOWR LB=5 
TOUT | : | 
Count : 0004H 
Value | n | n-1 | 0004H | * 0002H | 0000H | 0004H 0002H | 0004H | 0002H | 0000H | 
83-001853B 
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Figure 69. Timer Counter Unit (TCU) Waveforms (Sheet 3 of 3) 


LB=4 


Mode 4 


IOWR 





TOUT 
Count Value | n | n-1 | 0004H | 0003H | 0002H | 0001H | 0000H | FFFFH | FFFEH | FFFDH| FFFCH 


LB=4 


IOWR 


TCTL 





TOUT 


Count Value | n | n-1 | 0004H | 0004H | 0004H | 0003H | 0002H | 0001H | 0000H FFFFH | FFFEH 


|\OWR 





TOUT 


| n | n-1 | 0005H | 0004H | 0003H | 0002H | 0003H | 0002H | 0001H | 0000H | FFFFH 


Mode 5 
CLK 


IOWR 





TCTL2 


TOUT2 


Count Value 








TOUT2 
Count Value | n | n-1 | oo04H | oo03H | o002H | oootH | 0000H | FFFFH|FFFEH | coosH | 00021 
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SERIAL CONTROL UNIT 


The serial control unit (SCU) is a single asynchronous 
channel that performs serial communication between 


Figure 70. SCU Block Diagram 













SST 
= a 
ie SCM - 
=, mee 


(Command Register) 


SRB 
—_— si 
STB fi 
FF = 
SMD | 
(Mode Register) LL ? 
» SIMK ca 


(Interrupt Mask Register) 







Internal Data Bus 


U 





Control Bus 


The SCU has the following features. 


@ Full-duplex, asynchronous serial controller 
@ Clock rate divisor: 16 or 64 


e Baud rates to 640 kb/s (external clock), 500 kb/s 
(internal clock) 


® Dedicated baud-rate generator or can use timer 1 

© Full modem signaling support (ATS, CTS, DSR, DTR) 
@ Character length: 7 or 8 bits 

® Stop bit length: 1 or 2 bits 

® Break transmission and detection 

@ Full-duplex, double-buffered transmitter/receiver 

@ Even, odd, or no parity 

@ Parity, overrun, and framing error detection 

@ Receiver-full/transmitter-empty interrupt 





the V53 and an external device. The SCU is similar to the 
»PD71051 Serial Control Unit except for the lack of 
synchronous communication protocols. Figure 70 is a 
block diagram of the SCU. 


Clock 


Reset 


1ORD 
: IOWR 
ee A1(A2) Internal Signals 
AO(A1) 
SUS 






RTCLK (From TOUT1) 
© RxRDY (External) 
© RxD (External) 


Receiver 
(Including 
Receiver Buffer) 









© TxD (External) 





Transmitter 
(Including 
Transmitter 
Buffer) 














Interrupt 
Generation 
Logic 


© SINT (External) 






O CTS (External) 
RTS (External) 
© DTR (External) 
O DST (External) 






Transmission/ 
Reception 
Control 
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The SCU contains four separately addressable registers 
for reading/writing data, reading status, and controlling 
operation of the SCU. The serial receive buffer (SRB) and 
the serial transmit buffer (STB) store the incoming and 
outgoing character data. The serial status register (SST) 
allows software to determine the current state of both 
the transmitter and the receiver. 


The serial command (SCM) and serial mode registers 
(SMD) determine the operating mode of the SCU while 
the serial interrupt mask register (SIMK) allows software 
control of the SCU receive and transmit interrupts. 


Serial Data Format 


Figure 71 shows the format of the serial data processed 
by the SCU. In this serial data, the character bits are 


69 


pPD70236 (V53) 


NEC 





transferred between the CPU and’SCU. The start bit, 
parity bit, and stop bit(s) sandwiching the character bits 
are control information necessary for serial data com- 
munications. They are automatically appended when 
data is transmitted or deleted when data is received by 
the SCU. 


Figure 71. Serial Data Format 


No Parity 


Stat po p14 Dn=1 Dn 


bit : 
Mark | | Character bits 


Parity 


n=6or7 
Stop bit = 1 or 2 bits 
83YL-6514A 


Receiver Operation 


While the RxD pin is high, the receiver is in an idle state. 
A transition on RxD from high to low indicates the start 
of new serial data. When a complete character has been 
received, it is transferred to the SRB register. The receive 
buffer ready (RBRDY) bit in the SST register is set and (if 
unmasked) an interrupt is generated. The SST also 
latches any parity, overrun, or framing errors at this time. 


The receiver detects a break condition when a null 
character with zero parity is received. The BRK bit is set 
for as long as the subsequent receive data is low and 
resets when RxD returns to a high level. 


Transmitter Operation 


TxD is kept high while the STB register is empty. When 
the transmitter is enabled and a character is written to 
the STB register, the data is converted to serial format 
and output on the TxD pin. The start bit indicates the 
start of the transmission and is followed by the character 
stream (LSB to MSB) and an optional parity bit. One or 
two stop bits are then appended, depending on the 
programmed mode. When the character has been trans- 
ferred from the STB, the TBRDY bit in the SST is set and 
if unmasked, a transmit buffer empty interrupt is gener- 
ated. 


Serial data can be transmitted and received. by polling 
the SST register and checking the TBRDY or RBRDY 
flags. Data can also be transmitted and received by 
$CU-generated interrupts. The SCU generates an inter- 
rupt in either of these conditions: 
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(1) The receiver is enabled, the SRB is full, and receive 
interrupts are unmasked. 


(2) The transmitter is enabled, the STB is empty, and 
transmit interrupts are unmasked. 


SCU Registers and Commands 


1/O instructions to the I/O addresses selected by the 
OPHA and SULA registers are used to read/write the 
SCU registers. Address bits Ap and A, (or A; and Ao) and 
the read/write lines select one of the six internal registers 
as shown below. 





Ao (A1) Ai (Ao) Register Operation 
0 0 SRB Read 

0 0 STB Write 

0 1 SST Read 

0 1 SCM Write 

1 0 SMD Write 

1 1 SIMK Read/write 


The baud rate counter (BRC) register is fixed at address 
FFEQ9H in the system 1/O area. 


- The SRB and STB are 8-bit registers. When the character 


length is 7 bits, the lower 7 bits of the SRB register are 
valid and bit 7 is cleared to 0. If programmed for 7-bit 
characters, bit 7 of the STB is ignored. 


The SST register (figure 72) contains the status of the 
transmit and receive data buffers and the error flags. 
Error flags are persistent. Once an error flag is set, it 
remains set until a clear error flags command is issued. 


SCU Initialization 


After a hardware reset, the SCU is set to the following 
condition. 


Baud rate factor . x64 
Character length 7 bits 
Stop bit 1 bit 
Transmit/receive _ Disabled 
Break detection No 
Errors _ No 

RTS, DTR pins 


High level 
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Figure 72. Serial Status Register (SST) 


[ose] BO | Fe [ove] Pe | 1 |Rency]tenoy 
7 0 


DSR __—sCODSH Input Pin 


0 High level 
1 Low level 
BKD Break Detection 
0 Normal reception 
1 Break status detected 
FE Framing Error 
o- No error 
1 : Error 
OVE Overrun Error 
0 No error 
1 Error 
PE Parity Error 
0 No error 
1 Error 
RBRDY Receive Data Buffer 
0 SRB empty 
1 SRB full 
TBRDY Transmit Data Buffer 
0 STB full 





1 STB empty 


The SCM register (figure 73) stores the command word 
that controls transmission, meee error flag reset 
and break transmission. 


The SMD register (figure 74) stores the mode word that 
determines serial characteristics such as baud rate divi- 
sor, parity, character length, and stop bit length. 


Initialization software should first program the SMD 
register followed by the SCM register. Unlike the 
pPD71051, the SMD register can be modified anytime 
without resetting the SCU. 


Figure 73. Serial Command Register (SCM) 


T= [= [ris | ect [sore] re [ om] Te | 
7 0 


RTS Controls RTS Output Pin 


0 High level 
1 Low level 


ECL Clears Error Flags 


0 No operation 
1 Clears error flags 
SBRK Break Transmission 
0 TxD pin operates normally 
1 TxD pin outputs low level 
RE Enables/Disables Reception 
0 Disables 
1 Enables 


DTR Controls DTR Pin 


High level 
Low level 


0 
1 
TE Enables/Disables Transmission 
0 
1 


Disables 
Enables 





Figure 74. Serial Mode Register (SMD) 


7 0 


STL Number of Stop Bits 


x0 illegal 
01 1 stop bit 
11 2 stop bits 
PS Parity Selection 
x0 Parity disabled 
01 Odd parity 
11 Even parity 
CL Character Length 
x0 Illegal 
10 7 bits 
11 8 bits 
BF Baud Rate 
Ox Wiegal 
10 RTCLK frequency/16 
11 RTCLK frequency 64 


The SIMK register (figure 75) controls the occurrence of 
RBRDY and TBRDY interrupts. When an interrupt is 
masked, it is prevented from propagating to the interrupt 
control unit. . 
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Figure 75. Serial interrupt Mask Register (SIMK) 


at ae i ee oe ee 


7 0 





™ TBRDY Interrupt Mask 
0 Unmasked 
1 Masked 

RM RBRDY Interrupt Mask 
0 Unmasked 
1 Masked 

Baud Rate Clock 


The baud rate clock may come from either of two 
sources: the internal baud rate generator or timer 1. The 


Figure 76. ICU Block Diagram 
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In-Service 
Register 
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To reduce current drain in the standby modes, the V53 
does not have internal pullup resistors on the INTPO- 
INTP7 pins. This is different from the »PD71059 and 
V40/V50. 

The ICU has the following features. 


@ Eight external interrupt request inputs 
© Cascadable with »PD71059 interrupt controllers 


e@ Programmable edge- or level-triggered interrupts 
(TCU, edge-triggered only) 


@ individually maskable interrupt requests 
@ Programmable interrupt request priority 
® Polling mode 
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internal baud rate generator is discussed in the System 
I/O section, and timer 1 is described in the TCU section. 
The SCTL system I/O register controls the selection of 
the baud rate clock. . 


INTERRUPT CONTROL UNIT 


The interrupt control unit (ICU) is a programmable inter- 
rupt controller equivalent to the »PD71059. The ICU 
arbitrates up to eight interrupt inputs, generates a CPU 
interrupt request, and outputs the interrupt vector num- 
ber on the internal data bus during an interrupt acknowl- 
edge cycle. Cascading up to seven external slave 
»#PD71059 interrupt controllers permits the V53 to sup- 
port up to 56 interrupt sources. Figure 76 is the block 
diagram for the ICU. 
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ICU Registers 


Use I/O instructions to the I/O addresses selected by the 
OPHA and IULA registers to read from and write to the 
ICU registers. Address bit A; and the command word 
select an ICU internal register. See table 7. 
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Table 7. ICU Register Selection 
Ay (Ao) Other Condition Operation 
Read 0 IMD selects IRQ CPU + IRQ data 
0 IMD selects IIS CPU = IIS data 
0 *Polling phase CPU + Polling data 
1 - CPU <— IMKW 
Write 0 D4=1 CPU — IIW1 
0 D4 =0 and D3 = 0 CPU — IPFW 
0 D4 = Oand D3 = 1 CPU - IMDW 
1 During Initialization CPU -+ llW2 
1 CPU - IIWw3 
1 CPU — IIW4 
1 After initialization CPU — IMKW 


* In the polling phase, polling data has priority over the contents of 
the IRQ or NS register when read. 


Initializing the ICU 


The ICU is always used to service maskable interrupts in 
a V53 system. Prior to accepting maskable interrupts, 
the ICU must first be initialized. See figure 77. Note that 
RESET does not initialize the ICU. 


Interrupt Initialization Words 1-4. Words IIW1-IlW4 
(figures 78-81) indicate whether external 1PD71059s are 
connected as slaves, select the base interrupt vector, 
and select edge- or level-triggered inputs for INT1-INT7. 
Interrupt sources from the TCU are fixed as edge- 
triggering. INTO is internally connected to TOUTO, and 
INT2 may be connected to TOUT1 by the IRSW field in 
the OPCN. 


The initialization words are written in consecutive order 
starting with IIW1. IIW2 sets the interrupt vector. IIW3 
specifies which interrupts are connected to slaves. IIW3 
is only required in extended systems. The ICU will only 
expect to receive IIW3 if SNGL = 0 (bit D, of IIW1). IIW4 
is only written if Il4 = 1 (bit Do of IIW1). 


Figure 77. Initialization Sequence 










Bits SNGL and 4 are set. 
The default initialization 
is performed. 










W141 
Ay =0,D4 =1 






Initialization 
Completed 


Figure 78. ICU Initialize, Word 1 (11W1) 


ak Ree as eee ae 
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Input Trigger Mode 


LEV 
0 Rising-edge trigger 
1 High-level trigger 
SNGL Mode _ 
0 Expanded. mode (slave controllers) 
1 Single mode (no slave controllers) 
14 Write to W4 
0 lIW4 not required 
1 NW4 required 


Figure 79. ICU Initialize, Word 2 qiwe) 
|v | ve | ve | w | vs | — | - | - | 
OF DO 


V7-V3 = Higher 5 bits of interrupt vector number 
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Figure 80. ICU Initialize, Word 3 (IW3) 


Cee ee Se 


Sp Slave Connection 


0 INTn is not a-slave Input 
1 INTn. is a slave Input 


Figure 81. ICU Initialize, Word 4 (I1W4) 


Ee Resa eA ee 
7 ; 


EXTN External Nesting Mode 


¢) Normal . 
1 Expanded 

SFI Self-Finish Interrupt 
0 Fl command mode 
1 Self-finish mode 


Command Words. The interrupt mask word (MKW) 


contains programmable mask bits for each of the eight 
interrupt inputs. The interrupt priority and finish word 
(IPFW) is used by the interrupt handler to terminate 
processing of an interrupt or change interrupt priorities. 
The interrupt mode word (IMDW) selects the polling 
register, interrupt request (IRQ) or interrupt in-service 
(IIS) register, and the nesting mode. See figures 82-84. 


ae 8&2. Command Word IMKW 


Mn Interrupt Request Mask 
0 INTn not masked 


“4 INTn masked 
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Figure 8&3. Command Word IPFW . 
peiee rele ere 
RP Rotate Priority 
0 ~~ No rotation 
1 Rotation 
SIL Level: 
0 Not specified 
1 ' $pecified 
Fl ” Finish interrupt 
0 —_—Non-Fl command 
1 Fl command 
IL2-ILO Interrupt Level 
000 INTO 
001 INT1 
010 INT2 
011 INT3 
100 INT4 . 
.. 101 INTS 
110 INT6 


111 INT7 





Figure 84. Command Word IMDW 


= eae 2 Ce Le ot Tt 








SNM EXCN Nesting Mode 2 
0 — No operation 
1 0 Release exceptional nesting mode 
1 1 Set exceptional nesting mode. 
POL Polling Mode 
0 No operation 
1. ’ Polling command... 
SR IS/IR' Register to Be Read © 
0 - No operation 
1 0 Interrupt request register (IRQ) 
1 1 Interrupt in-service register (ilS) 


pPD71059 Cascade Connection 


To increase the number of maskable interrupts, up to 
seven slave »PD71059 interrupt controllers can be cas- 
caded. During cascade operation, each slave »PD71059 
INT output is routed to one of the V53 INTP inputs. 


During the second interrupt acknowledge bus cycle, the 
ICU places the slave address on the address lines AD ip- 
ADg. Each slave compares this address with the slave 
address programmed using interrupt initialization word 
3 (IIWS3). If the same, the slave will place the interrupt 
vector on pins AD7-ADo during the second interrupt 
acknowledge bus cycle. 
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DMA CONTROL UNIT 


The DMA control unit (DMAU) is a high-speed DMA 
controller compatible with the .PD71071 and »PD71037 
DMA controllers. The DMAU has four independent DMA 
channels and performs high-speed data transfers be- 
tween memory and external peripheral devices at 
speeds as high as 4M words/second in a 16-MHz system. 
Figure 85 is the block diagram for the DMAU. 


The DMAU has the following features. 


e Four independent DMA channels 


Figure 85. DMAU Block Diagram 


@ »PD71037 or »PD71071 compatibility modes 
@ Cascade mode for slave DMA controllers 

@ 24-bit address registers 

@ 16-bit transfer count registers 

e@ Single, demand, and block transfer modes 
@ Autoinitialization 

@ Address increment/decrement 

e Fixed/rotating channel priorities 

e TC output at transfer end 

e@ Forced termination of service by END input 


Address 


DMAU Address Bus Incrementer/ 


Internal Address Bus 


Internal Data Bus 


internal Bus 
Interface 


Internal Control Bus 


BUSRQ 
BAU 


BUSAK 


Register 


DMARQ3-DMARQO 


Priority 
External Control 


Pins DMAAK3-DMAAKO 


Terminal Count 


END/TC 





p»PD71071 and »PD71037 Mode Comparison 


The DMAU has two operating modes selected by the 
SCTL system control register. Respectively, the 
#PD71071 and »PD71037 modes offer hardware and 
software compatibility with existing systems based on 
the »PD71071 DMA controller (also the V40/V50 micro- 
processor) and the »PD8237 DMA controller. 


Address 
Register 


Decrementer 
(24) 


Contro! Registers 


Channel (4) 
Device Control (10) 
Status (8) 
Mode Control (7 x 4) 


Mask (4) 


Count 
Decrementer 
(16) 
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In applications where DMA software compatibility is not 
an issue, programming flexibility is greater in the 
»PD71071 mode. However, the software DMA request 
capability of the 1PD71037 mode is often useful. 


The following compares the major functional differences 
between the two modes. 
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Function pPD71037 p»PD71071 Mode 
Mode 
DMA channel! Mode control Referenced by 
selection register by _channel register 
write data (DCH) 
(operand); 
other registers 
have a unique 
address 
Base and Consecutive 16-bit quantities 
current register 8-bit quantities 
access 
Base registers Write only Read and write 
DMA Bus release Bus release and 
termination mode bus hold modes 
Software DMA ‘Yes No 
requests 
DMA transfers Byte Byte or word 


The DMAU is intended for high-speed data transfers 
between memory and peripherals with minimum latency. 
Neither mode provides memory-to-memory DMA trans- 
fers because the powerful string moves of the CPU can 
accomplish block memory transfers as fast as dedicated 
DMA hardware could. The DMAU does not provide com- 
pressed timing as do the »PD71071 and »PD71037. 


Master/Slave Mode 


The DMAU operates in either master or slave mode. In 
slave mode, the DMAU samples the four DMARQ input 
pins every clock. If one or more inputs are active, the 
corresponding DMA request bits are set and the DMAU 
sends a bus request to the BAU while continuing to 
sample the DMA request inputs. 


After the BAU returns the DMA bus acknowledge signal, 
the DMAU stops DMA request sampling, selects the DMA 
channel with the highest priority, and enters the bus 
master mode to perform the DMA transfer. While in the 
bus master mode, the DMAU controls the external bus 
and performs DMA transfers based on the prepro- 
grammed channel information. 


See figure 45 and the associated text for a detailed 
description of DMA bus cycles. 


Terminal Count 


The DMAU ends DMA service when the terminal count 
condition is generated or when the END input is as- 
serted. A terminal count (TC) is produced when the 
contents of the current count register underflows from 
zero. If autoinitialization is not enabled when DMA ser- 
vice terminates, the mask bit of the channel is set and 
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the DMARQ input of that channel is masked. Otherwise, 
the current count and address registers are reloaded 
from the base registers, and new DMA transfers are again 
enabled. 


DMA Transfer Type 


The type of transfer the DMAU performs depends on the 
following conditions. 


® Transfer direction (each channel) 
@ Bus mode 
@ Transfer mode (each channel) 


Transfer Direction 


All DMA transfers use memory as a reference point. 
Therefore, a DMA read operation (figure 86) transfers 
data from memory to I/O port and writes the data into 
memory. During memory-to-l/O transfer, the DMA mode 
register (DMD) is used to select the transfer directions 
for each channel and activate the appropriate contro! 
signals. 


Operation Transfer Signals Activated 

DMA read Memory to I/O IOWR, MRD 

DMA write /O to memory lORD, MWR 

DMA verify No transfer Addresses only 
Bus Mode 


The two available modes for determining how the DMAU 
releases the CPU bus are bus release and bus hold. In 
»PD71037 mode, the DMAU always functions in bus 
release mode. In »PD71071 mode, the DMAU is program- 
mable for bus release or bus hold mode via the DMA 
device contro! (DDC) register. 


In bus release mode, bus control is always relinquished 
each time the service has completed. Therefore, if mul- 
tiple DMA requests are generated simultaneously, a bus 
cycle other than that for the DMAU is inserted between 
consecutive DMA services (see figure 87). Consequently, 
in certain applications DMA response may be delayed. 
However, bus release mode gives better assurance that 
the CPU will continue to execute programs in DMA 
intensive environments. , 


In bus hold mode, if another DMA request is generated 
before the end of one service, that request can be 
serviced without the DMAU relinquishing the bus. How- 
ever, the same channel cannot be serviced consecu- 
tively. This mode provides better DMA response but may 
prevent CPU bus activity for extended periods of time. 
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Figure &. Typical Memory-to-1/O DMA Cycle 


[| St | S2 | sa | S4 | 


mor TET LT LTH UW 


Ag-A2g 
BCYST g 
lala ee 
MRD 
7 gee 


CERT 
aa a 


%* Dotted line shows effect of selecting “Early Write" 
timing in DDC register or command register. 
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Transfer Modes 


The DMAU has three transfer modes as listed below. In 
#PD71071 mode, bits 6 and 7 (TMODE) of the mode 
control register (DMD) select the transfer mode. In 
»#PD71037 mode, bits 6 and 7 of the channel mode 
register specify the mode. Transfer mode operation is 
the same in both »PD71071 and »PD71037 modes. 


Transfer Mode 
Single 


Termination Conditions 

After each byte/word transfer 

END input 

Terminal count 

END input 

Terminal count 

Service channel DMARQ dropped 

Generation of a higher priority 
DMARQ (bus hold mode) 

END input | 

Terminal count 


Demand 


Block 





The operation of single, demand, and block transfers 
depends on whether the DMAU is in bus release or bus 
hold mode. Figure 88 shows the operations flow for the 
six possible transfer and bus mode operations in DMA 
transfer. 


Figure 87. Bus Modes 


Bus Release Mode 
Right to Use 
Bus CPU 
Service DMAU 


pavithtion CHO CH1 CH2 CH3 


Bus Hold Mode 


Right to Use 


Bus CPU 
: DMAU gic atcas | 
Service CHO | CH1 ; CH2 ,CH3 


Channel 
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Figure 88. Transfer Modes 
Single Transfer Mode 


Bus Release Mode Bus Hold Mode DMA Transfer 


t 


DMA Transfer 


Idle State 
Other 


channel 
DMARQ? 


Services of 
other channels Idle State 


Demand Transfer Mode 
Bus Release Mode Bus Hold Mode 


DMA Transfer DMA Transfer 


No 


Service 


channel 

DMARQ? Service 
channel Any DMARQ? 
DMARQ? 


Idle State Idle State 





Block Transfer Mode 
Bus Release Mode Bus Hold Mode 


DMA Transfer 








DMA Transfer 










Other 
channel 
DMARQ? 









Priority 
channel is block 


mode? 
Idle State 









Yes 
Service of 
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Single Transfer Mode. In bus release mode, when a 
channel completes transfer of a single byte or word, the 
DMAU enters the slave mode regardless of the state of 
DMA request inputs. In this manner, other lower priority 
bus masters can access the bus. 


In bus hold mode (%PD71071 mode only), when a chan- 
nel completes transfer of a single byte or word, the 
DMAU terminates the channel’s service even if the 
DMARQ request signal is asserted. The DMAU will then 
service any other requesting channel. If there are no 
requests from any other DMA channels, the DMAU re- 
leases the bus and enters the idle state. 


Demand Transfer Mode. In bus release mode, the 
currently active channel continues to transfer data as 
long as the DMA request of that channel is active, even 
though other DMA channels are issuing higher priority 
requests. When the DMA request of the serviced channel 
becomes inactive, the DMAU releases the bus and 
enters the idle state. 


In bus hold mode (not available in »PD71037 mode), 
when the active channel completes a single transfer, the 
DMAU checks the other DMA request lines without 
ending the current service. If there is a higher priority 
DMA request, the DMAU stops the service of the current 
channel and starts servicing the highest priority channel 
requesting service. If there is no higher request than the 
current one, the DMAU continues to service the currently 
active channel. Lower priority DMA requests are honored 
without releasing the bus after the current channel 
service is complete. 


Block Transfer Mode. In bus release mode, the current 
channel continues DMA transfers until a terminal count 
or the external END input becomes active. During this 
time, the DMAU ignores all other DMA requests. After 
completion of the block transfer, the DMAU releases the 
bus and enters the idle state, even if DMA requests from 
other channels are active. 


In bus hold mode (uPD71071 mode only), the current 
channel transfers data until an internal or external END 
signal becomes active. When the service is complete, 
the DMAU checks all DMA requests without releasing 
the bus. If there is an active request, the DMAU immedi- 
ately begins servicing the request. The DMAU releases 
the bus after it honors all DMA requests or a higher 
priority bus master requests the bus. 


Autoinitialize 


This function is enabled by programming the mode 
register (uPD71071 and »PD71037 modes). 
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When a mode register enables autoinitialize for a chan- 
nel, the DMAU automatically reinitializes the address 
and count registers when END is asserted or the termi- 
nal count condition is reached. The contents of the base 
address and base count registers are transferred to the 
current address and current count registers, and the 
applicable bit of the mask register remains cleared. 


Channel Priority 


Each of the four DMAU channels is assigned a priority. 
When multiple DMA requests from several channels 
occur simultaneously, the channel with the highest pri- 
ority will be serviced first. . 
The device control register selects one of two priority 
schemes: fixed or rotating (figure 89). In fixed priority, 
channel 0 is assigned the highest priority, and channel 3, 
the lowest. In rotating priority, priority order is rotated 
after each service so that the channel last serviced 
receives the lowest priority. This method prevents the 
exclusive servicing of higher priority channels and the 
lockout of lower priority DMA channels. 


The rotating priority feature is selected by programming 
the DMA device control (DDC) register in 4PD71071 
mode or by a write to the command register in 1PD71037 
mode. 


Figure 89. Priority Order 
Fixed Priority 


Highest 


Rotation Priority 


Highest Highest 


Lowest 





‘79 


uPD70236 (V53) 


Cascade Connection | 


Slave DMA controllers can be cascaded to easily expand 
the system DMA channel capacity to 16 DMA channels. 
Figure 90 shows an example of cascade connection. 
During cascade operation, the DMAU acts as a mediator 
between the BAU and the slave DMA controller. During 
DMA cascade mode operation, it is the responsibility of 
external logic to isolate the cascade bus master from the 
V53 control outputs. These outputs are listed near the 
beginning of this document. 


The DMAU always operates in the bus release mode 
while a cascade channel is in service, even when the bus 
hold mode is programmed. Other DMA requests are held 
pending while a slave DMA controller channel is in 
service. When the cascaded device ends service and 
moves. into the idle state, the DMAU also moves to the 
idle state and releases the bus. The DMAU continues to 
operate normally with the other noncascaded channels. 


Figure 90. »«PD71071 Cascade Example 


V53 
DMAU 
(Master) 


Cascade { DMAAK 


Channels | DMARQ |<——__———_»} HLDRQ 


p»PD71071 
(Slave) 


Bus Waiting Operation 


The DMAU automatically performs a bus waiting opera- 
tion (figure 91) whenever the REFU refresh request 
queue fills. When the DMA bus acknowledge goes inac- 
tive, the DMAU enters the bus waiting mode and. inacti- 
vates the DMA bus request signal. Control of the bus is 
then transferred to the higher priority REFU by the BAU. 


Two clocks later, the DMAU reasserts its internal DMA 
bus request. The bus waiting mode is continued until the 
DMA bus acknowledge signal again becomes active and 
the interrupted DMA service is immediately restarted. 
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Figure 91. Bus Waiting Operation 


Other 


; Other 
Bus deer | DMAU | ROU | om | 


Bus Master 


DMARQ | | 


DMA BUSAK | 
—>| l~—- Approx 2 clocks 


_DMA BUSRQ | . | . 
—>| b<— Bus waiting state 
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Address and Count Registers © 


Each DMA channel has a 24-bit base address register 
and a 24-bit current address register. In addition, each 
channel also has its own 16-bit current count register 
and base count register. The base registers hold a value 
determined by the CPU and transfer this value to the 
current registers during autoinitialization. These regis- 
ters are available in both »PD71071 mode and »PD71037 
mode, but the method of accessing these registers 
changes with compatibility mode. 


The BNKR registers extend the »PD71037 mode ad- 
dresses from 16 to 24 bits. In 4PD71071 mode, the count 
register and lower word of the address registers can be 
accessed in 16-bit quantities. In »PD71037 mode, these 
registers must be accessed in 8-bit quantities. 


Programming the DMAU 


To prepare a channel for DMA transfer, the following 
characteristics must be programmed. 


e Starting address for the transfer 

@ Transfer count 

@ DMA operating mode 

@ Transfer size (byte/word in »PD71071 mode) 


The contents of the OPHA and DULA registers determine 
the base I/O port address of DMAU. Addresses A3-Ao are 
used to select a particular register There are two register 
sets, one for .PD71071 mode and the other for »PD71037 
mode. 


»PD71071 Mode 


The »PD71071 mode is selected by programming the 
DMAU bit of the SCTL register to zero. The register set 
for this mode (table 7) is mapped into Ag-Ag regardless of 
the IOAG value in the SCTL register. 
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Table 7. Register Selection («PD71071 Mode) 


A3-Ao Address Register Operation Notes 
0000 0H DICM Write 1 
0001 1H DCH Read/Write 1 
0010 2H DBC/DCC (low) Read/Write 2 
0011 3H DBC/DCC (high) Read/Write 2 
0100 4H DBA/DCA (low) Read/Write 2 
0101 5H DBA/DCA (high) Read/Write 2 
0110 6H DBA/DCA (upper) Read/Write 1,2 
0111 7H Reserved - 

1000 8H DDC (low) Read/Write 

1001 9H DDC (high) Read/Write 

1010 AH DMD Read/Write 1,2 
1011 BH DST Read 1 
1100 CH Reserved _ 

1101 DH Reserved - 

1110 EH Reserved - 

1111 FH DMK Read/Write 1 
Notes: 


(1) Register can be accessed only with byte In/Out instructions. All 
others can be accessed with 16-bit In/Out Instructions. 


(2) There are four such registers, one for each DMA channel. The 
particular register accessed is determined by the DCH register. 


DMAU Registers in »PD71071 Mode 


Initialize. The DMA initialize command register (DICM) 
performs a software reset of the DMAU. The DICM is 
accessed using the byte OUT instruction. See figure 92. 


The DMAU initializes the registers as follows. 





Register Name Operation 

DICM Initialize Clear 

DCH Channel Select channel 0 
DBC,DCC Count No change 

DBA,DCA Address No change 

DDC Device contro! Clear 

DMD Mode control Clear 

DST Status Clear 

DMK Mask Set (mask all channels) 
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Figure 92. DMA Initialize Command Register 


(DICM); u.PD71071 Mode 
Ha en Ee a eee 
. Byte OUT Instruction 
RES Reset 
0 No operation 
1 Reset DMAU 





Channel Register. Writes to the DMA channel register 
(DCH) select one of the four DMA channels for program- 
ming and also the base/current registers. Reads of the 
DCH register return the currently selected channel and 
the register access mode. See figure 93. 


Figure 93. DMA Channel Register (DCH); 
#PD71071 Mode 


Channel Register Read 


(= T= T= [ese [sas [one [sa [ae 


Address 1H 
Byte IN instruction 








BASE Access Conditions 

0 Read: current only 

Write: base and current 

1 Read/write: base only 
SEL3-SELO Selected Channel 

0001 0 

0010 1 

0100 2 

1000 3 


Channel Register Write 


= T= T= Te 1 ese] 


Address 1H 0 
Byte OUT Instruction 


BASE Access Conditions 

0 Read: current only 

Write: base and current 

1 Read/write: base only 
SELCH Selected Channel 

00 Channel 0 

01 Channel 1 

10 Channel 2 

11 Channel 3 


Count Registers. When bit 2 of the DCH register is 
cleared, a write to the DMA count register (figure 94) 
updates both the DMA base count (DBC) and the DMA 
current count (DCC) registers with anew count. If bit 2 of 
the DCH register is set, a write to the DMA count register 
affects only the DBC register. 


pPD70236 (V53) 


The DBC register holds the initial count value until a new 
count is specified. If autoinitialization is enabled, this 
value is transferred to the DCC register when a terminal 
count or END condition occurs. For each DMA transfer, 
the current count register is decremented by 1. The 
count value loaded into the DBC/DCC register is 1 less 
than the desired transfer count. 


Figure 94. DMA Count Registers (DBC, DCC); 
“#PD71071 Mode 


IN/OUT Instruction 


(exe [este [ou [ee Toe 


Address 3H 
IN/OUT Instruction 


Address Register. Use either byte or word I/O instruc- 
tions with the lower 2 bytes (4H and 5H) of the DMA 
address register (figure 95). However, byte 1/O instruc- 
tions must be used to access the high-order byte (6H) of 
this register When bit 2 of the channel register is cleared, 
a write to the DMA address register updates both the 
DMA base address (DBA) and the DMA current address 
(DCA) registers with the new address. If bit 2 ofthe DCH 
register is set, a write to the DMA address register affects 
only the DBA register. 


The DBA register holds the starting address value untila 
new address is specified. This value is transferred to the 
DCA register automatically if autoinitialization is se- 
lected. For each DMA transfer, the current address 
register is updated by 2 during word transfers and by 1 
during byte transfers. 


Figure 95. DMA Address Registers (DBA, DCA); 
“#PD71071 Mode 


Ge ee ee ee eS ee 


Address 4H 
IN/OUT Instruction 


ESE EE ee 


Address 5H 
IN/OUT Instruction 


a See Ee 


Address 6H 
IN/OUT Instruction 


Device Control Register. The DMA device control reg- 
ister (DDC) (figure 96) is used to program the DMA 
transfer characteristics common to all DMA channels. It 
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controls the bus mode, write timing, priority logic, and 
enable/disable of the DMAU See figure 97. 


Figure 96. DMA Device Control Register (DDC); 
“#PD71071 Mode 


[= [= [ew [ror — Yous] = T= 


Address 8H 
IN/OUT Instruction 





EXw Writing (Note 1) 
0 Normal 
1 Extended 
ROT Priority 
(9) Fixed 
1 Rotational 
DDMA DMA Operation (Note 2) 
0 Enable 
1 Disable 
EEA ee BHLO 
Address 9H 
IN/OUT Instruction 
WEV Walt During Verify (Note 3) 
0 Disable 
1 Enable 
BHLD Bus Mode 
0 Bus release 
1 Bus hold 
Notes: 


(1) Disables BUSRQ to the BAU to prevent incorrect DMA operation 
while the DMAU registers are being initialized or modified. 


(2) When EXW = 0, the write signal becomes active (normal write) 
during $3 and SW. When EXW = 1, the write signal becomes 
active during $2, $3, and SW (like the read signal). 


(8) Wait states are generated by the READY signal during a verify 
transfer. 
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Figure 97. Early Write Cycle Timing 


| s1 | S2 | s3 | s4 | st | s2 | s3 | sw| sa | 


Read | | | | 


Normal Write | | | | 


Early Write ; | | | | 
READY | | 
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Mode Control Register. The DMA mode control register 
(DMD) selects the operating mode for each DMA chan- 
nel. The DCH register selects which DMD register will be 
accessed. A byte IN/OUT instruction must be used to 
access this register. See figure 98. 


Figure 98. DMA Mode Control Register (DMD); 


#PD71071 Mode 
TMODE | ADIR | AUTI mR | — | we, 

7 Address OAH 0 
TMODE Transfer Mode 

00 Demand 

01 Single 

10 Block 

11 Cascade 
ADIR Address Direction — 

0 Increment 

1 Decrement 
AUTI Autoinitlallze 

0 Disable — 

1 Enable 
TDIR Transfer Direction 

00 Verify 

01 /O-to-memory 

10 Memory-to-/O 

11 Not allowed 
ws Word/Byte Transfer 

0 Byte 

1 Word 


Addresses and count registers are updated as follows 
during byte/word transfers. 


Register Byte Transfer Word Transfer 
Address register 4 - +2 
Count register -1 , -1 


During word transfers, two bytes starting at an even 
address are handled as a single word. If the starting 
address is odd, a DMA transfer is started after first 
decrementing the address by 1. For this reason, always 
select even addresses. The Ap and UBE outputs control 
byte and word DMA transfers. The following shows the 
relationship between the data bus width, Ag, and UBE 
signals, and data bus status. 


Data Bus Status 


Ao UBE 

o- “T Do-D7 valid” 
1 0 Dg-Dyis valid 

0 0 Do-D45 valid 


Status Register. The DMA status register (DST) con- 
tains information about the current state of each DMA 
channel. Software can determine if a termination condi- 
tion has been reached (TCO-TC3) or if a DMA service 
request is present (RQO-RQ3). The byte IN instruction 
must be used to read this register. See figure 99. 


Figure 99. DMA Status Register (DS 1); 


#PD71071 Mode 
[as [ noe [ ai [rao [ves | r62 | ror | 00 | 
Address 0BH 
Byte IN Instruction 

RQn DMA Request, Channel n 

0 No DMA request active 

1 DMA request active 
TCn Terminal Count, Channel n 

0 Not ended (for each read) 

1 END or terminal count 


Mask Register. The DMA mask register (DMK) allows 
software to individually enable and disable DMA chan- 
nels. The DMK register can only be accessed via byte I/O 
instructions. See figure 100. 


Figure 100. DMA Mask Register (DMK); 


#PD71071 Mode 
Address 0FH 
Byte IN/OUT Instruction 
Mn DMARQ Mask, Channel n 
0 Not masked 
1 Masked 
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uPD71037 Mode 


The »PD71037 mode is selected by programming the 
DMAM bit of the SCTL register to 1. See figure 48. Note 
that on RESET, the DMAU is put into 4PD71071 mode. 
The register set for the 1PD71037 mode (table 8) is 
mapped into A3-Ap (IOAG = 0) or Ag-A; (IOAG = 1). For 
the case where IOAG = 1, the DULA system I/O register 
determines whether the DMAU responds to Ap = Oor 1. 


Table 8 Register Set for uPD71037 Mode 


Channel Register Read/Write Address 
0 DCA R 0000 
DCA, DCB Ww 
DCC R 0001 
DCC, DBC Ww 
1 DCA R 0010 
’ DCA, DCB Ww 
DCC R 0011 
DCC, DBC Ww 
2 - DCA R 0100 
DCA, DCB Ww 
DCC R 0101 
DCC, DBC Ww 
3 DCA R 0110 
DCA, DCB Ww 
DCC R 0111 
DCC, DBC Ww 
DST ‘R 1000 
DDC Ww 
DSRQ Ww 1001 
DSCM Ww 1010 
DMD Ww 1011 
DMK Ww 1111 


The registers in table 8 can be accessed only by byte I/O 
operations. The IOAG bit of the SCTL register determines 
whether these registers reside in contiguous bytes, or 
whether they each occupy one-half word (i.e., whether 
the registers are byte or word aligned). If word aligned 
(IOAG = 1), the low bit of the DULA register determines 
whether the DMAU will use the upper or lower byte of the 
word. In »PD71071 mode, the setting of the IOAG bit 
makes no difference; the register addresses do not 
change. 


p»pPD71037 Commands 


In addition to the registers explained above, three I/O 
addresses cause commands to be executed when they 
are written to. The value of the data written is not 
important; it is the action of performing an I/O write to 
one of these addresses that initiates the desired action. 
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The commands and their corresponding addresses (Aq- 
Ao) are shown here. 


Command IOAG=0 lIOAG=1 
Clear byte select flag  x1100 1100x 
Initialize x1101 1101x 
Clear mask register x1110 1110x 


DMAU Registers In ».PD71037 Mode 


Most of the DMAU registers in this mode are the same as 
those in the »PD71071 mode, but with a different I/O 
address or method of access. 


Count and Address Registers. The DCA, DBA, DCC, 
and DBC registers are 16 bits wide, but can only be 
accessed in byte-wide chunks. The byte select flag (BSF) 
determines which byte is accessed. When the BSF is low, 
the low byte is used; when the BSF is high, the high byte 
is used. The BSF cannot be read; to set it to a known 
state, a byte select flag clear command must be issued 
by performing an 8-bit I/O write to address x1100b. To 
read or write one of these registers, first clear the BSF, 
and then perform two consecutive 8-bit I/O operations. 
The low byte will be accessed first and the nie byte 
second. 


Bank Registers. The DMA memory addresses in the 
n»PD71037 mode are 16 bits, compared with 24-bit ad- 
dresses in the »PD71071 mode. To expand the 16-bit 
addresses into the full 24-bit address space of the V53, a 
set of bank registers is provided, BNKRO-BNKR3, one per 
DMA channel. 


Each 8-bit register contains the upper address bits, 
Ao3-Aig, to be used when a DMA channel is active. DMA 
addresses are modified after each transfer to point to the 
next address in the DMA buffer. The SCTL system I/O 
register, CE1-CEO bits, control whether a carry is prop- 
agated into the upper address bits when the DMA ad- 
dress is incremented or decremented. CEO controls the 
carry propagation to Ayg and CE1 controls the carry to 
Azo. 


The BNKR registers are read or written using byte I/O 
operations. See figure 101. As with other V53 internal 
registers, the I/O address to which the BNKR registers 
respond is programmable. The BADR system I/O register 
(address FFE1H) sets the base address of the BNKR 
registers in the 256-byte block of I/O space eo by 
the OPHA register. See figure 102. 


Also, to allow maximum flexibility, the low two address 
bits of each BNKR register are programmable. The BSEL 
system I/O register (address FFEOH) sets the low two 
address bits for each BNKR register. See figure 103. As 
with other programmable addresses, the IOAG bit of the 


ya 


EC 
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SCTL register has the effect of shifting the settable 
address one bit position to the left. 


The bank registers are only enabled in »PD71037 mode. 
In »PD71071 mode, they cannot be read or written. 


Figure 101. DMA Bank Registers (BNKR); 


#PD71037 Mode 
[| Aes | Aso | Aer | Aco | Aro | Aw | Air | Ate | 
ee 
| Aes | Azo | Acs | Aco | Aro | Aw | Arr | Ate | 
=o 
| Aes | Ace | Act | Aco | Aw | Aw | Air | Ate 
; INOUT : 

IN/OUT 


Figure 102. Bank Address Register (BADR); 


#PD71037 Mode 
| Ar [| Ae | As | Ae | As | Ae | tA | *A0 | 
7 Address FFE1H 0 
IOAG = 0 
Ta Ta Te [ATs [Alm A 
7 pciole fi 0 


*Address bits are set by the BSEL register 


Figure 103. Bank Select Register (BSEL); 
#PD71037 Mode 
7 Address FFEOH 0 
BNKn *Address Bits In BADR Register 
00 00 
01 01 
10 10 


11 11 


* Address bits are Ay, Ag If IOAG = 0 or Ao, Az If IOAG = 1. (OAGis 
a bit In the SCTL register) 


Device Control Register. In ».PD71037 mode, there are 
fewer device options. The wait during verify and bus hold 
control bits are not offered. The DMA device control 
register (DDC) has only one byte to control early write 
cycles, channel priority, and global DMA enable. See 
figure 104. 


Figure 104. DMA Device Control Register (DDC); 


#PD71037 Mode 

| = | - [exw[ ror | — [poma] - | — | 
7 Byte OUT Instruction 0 
EXw Write Timing (Note 1) 

0 Normal 

1 Early 
ROT Channel Priority 

0 Fixed 

1 Rotational 
DDMA DMA Operation 

0 Enable 

1 Disable 
Notes: 


(1) When EXW = 0, the write signal becomes active during $3 and 
SW. When EXW = 1, the write strobe is asserted earlier during S2, 
$3, and SW (same as read strobe). 


Channel Mode Registers. Each channel has a mode 
register allocated to it. All four registers are accessed 


- using the same I/O address. The low two bits of the data 


written to the DMD register select the channel. Note that 
byte transfers are supported but 16-bit transfers are not. 
Figure 105 shows the format of the channel mode regis- 
ter. 
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gee 105. . DMA Channel Mode rieUeeters (DMD); 
; _ aPOTIOS7 Mode ; 


TMODE ADIR SELCH 


Byte OUT Instruction 


TMODE 


Transfer Mode 
00 Demand 
01 le -- Single . 
10 Block 
Pb aa Cascade 
ADIR Address Direction 
0. _, Increment 
1 Decrement, . 
AUTI Autolnitialize 
0. ‘ Disable 
1 Enable . ° 
~ ‘TDIR Transfer Direction 
00 Verity 
01 \/O-to-memory 
10 ‘Memory-to-l/O 
11 Not allowed 
SELCH Channel Selection for Mode Change 
00 Channel 0 
01 ; Channel 1 — 
10 Channel 2 | 
1 Channel 3 - 


Status Register. This DST register (figure 74) is ‘identi- 


cal to the »PD71071 mode DST register, but is at I/O 


address x1000b. 
Figure 106. DMA Status Registers (DS7); 
“#PD71037 Mode 
ee ee eer eee ee ere 
Address x1000b 
Byte IN Instruction 
RQn DMA Request, Channel n 
0 No DMA request active 
1 DMA request active 
TCn Terminal Count, Channel n 
0 Not ended (for each read) 
1 END or terminal count 


Mask Register and Single-Channel Mask Control 
Register. The format and I/O address of this DMK 
register (figure 107) is the same as in »PD71071 mode 
except that it cannot be read; it is a write-only register. 
The DMK register can be put into a known state by 
writing to it directly, by using the clear mask register 
command, or by using the single-channel mask control 
register (DSCM) at 1/O address x1010b to set or clear the 
enable bit for an individual channel (figure 108). 


86 





Figure 107. DMA Mask Register (DMK); 


#PD71037 Mode 
C= T= T= 7 [ne Tne To Ti | 
Address OFH 
Byte OUT Instruction 
Mn -DMARQ Mask, Channel n 
0 .. Not masked 
1. Masked 


Fone 108. DMA Single-Channel Mask Control 
Register (DSCM); uPD71037 Mode 


(=T=1-T-T- | - [a fem 


Byte OUT Instruction 


SMQ Mask Setting 
0 Clear mask bit 
1 Set mask bit 
SELCH DMARQ Mask Channel Selection 
00 Channel 0 | 
01 Channel 1 
10 Channel 2 
11 Channel 3 


Software DMA Request Register. The DSRQ register is 
used by software to trigger a DMA operation. One 
application is to simulate the assertion of a hardware 
DMA request for diagnostic purposes. This register is 
written with the number of the targeted channel and a bit 
that sets or clears an internal request flag associated 
with that channel. Figure 109 shows the format of this 
register. 


Software DMA Request Register 
(DSRQ); uPD71037 Mode 


[= T= T= T=] = 7 = [a for 


Byte OUT Instruction 


Figure 109. 


SRQ Request 
0 Clear request bit - 
1 Set request bit 
SELCH Software DMARQ Channel Selection 
00 Channel 0 
01 _ Channel 4 
10 > Channel 2 
11 Channel 3 


Initialization. In »PD71037 mode, there is no DICM 
initialize register. Instead, the DMAU is initialized by 
performing an I/O write to address x1100b. 
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POWER CONSERVATION 
The V53 has three power conservation features. 


e Scalable system clock 
e@ Low-power HALT standby mode 
@ Very-low-power STOP mode 


These features give three levels of power reduction, 
making the V53 ideal for use in portable or other low- 
power applications. The standby control register (SBCR) 
at address OFFF1H in the system I/O area controls all 
three functions. See figure 110. 


Scalable System Clock 


The V53 is a CMOS device and power consumption is 
directly proportional to clock frequency. By reducing the 
frequency, power use can be significantly decreased. 
The system clock is used by the CPU and internal 
peripherals. The CLKC field in the SBCR selects a scale 
factor that divides the oscillation frequency by 2, 4, 8, or 
16 to produce the system clock. This value can be 
changed dynamically to adjust the clock rate to the 
most efficient performance level for the task at hand. 


Caution: The system clock must not be set to less than the 
minimum frequency specified in the AC Characteristics 
table. 


Figure 110. Standby Control Register (SBCR) 


[-[T-[-[ oe [wr [stor] 


7 Address FFF 1H 0 
CLKC System Clock Frequency fe_x 
00 fotk = Osc freq + 2 
01 foLk = Osc freq - 4 
10 fo_k = Osc freq + 8 
1 fo_k = Osc freq + 16 
WT * Oscillation Stabilization Time 
00 219 + fork 
01 218 + fork 
10 217 + fork 
11 216 = fork 
STOP When HALT Instruction Is Executed 
0 Sets HALT mode 
1 Sets STOP mode 


* For example, if WT = 11 and fo_x = 16 MHz, time = 4.096 ms 


HALT Standby Mode 


Power can be further reduced by putting the CPU in 
HALT standby mode. In this mode, the CPU is not 
operating, but all the internal peripherals are still en- 
abled and may be drawing power. HALT mode is entered 
by setting the STOP bit in the SBCR to 0 and executing 
a HALT instruction. 
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The V53 will come out of HALT standby mode in re- 
sponse to RESET, NMI, or an interrupt from the internal 
interrupt control unit. If interrupts were enabled (IE = 1) 
before HALT mode was entered, an ICU interrupt wakeup 
will result in the interrupt handler being entered; if 
interrupts were not enabled (IE=0), then execution will 
resume at the instruction following the HALT that put the 
CPU in the standby mode. If NMI wakes up the CPU, the 
NMI handler is always entered. 


The bus hold (HLDRQ/HLDAK) function still operates 
during standby mode. External bus masters can take the 
bus from V53. Also, refresh and DMA cycles can still 
occur. The SCU and TCU can both be active, and can 
supply the wakeup interrupt if desired. 


Refer to table 1 to find out what state the V53. outputs will 
be in HALT standby mode. 


STOP Mode 


This mode provides the maximum power reduction. The 
clock generator is disabled; the oscillator circuit is 
turned off. Power usage is minimal. STOP mode is 
entered by setting the STOP bit in the SBCR to 1 and 
executing a HALT instruction. Since the system clock is 
not active, none of the on-chip peripherals can be used 
in this mode. 


If the timer unit's TCLK input is used and driven by an 
external oscillator, the timer will continue to function 
and consume power. 


The output pins in STOP mode are in the same state as in 
the HALT mode. Refer to table 1 for details. The V53 will 
wake up from STOP mode in response to a RESET or 
NMI. 


Oscillator Stabilization Time 


When the V53 is reset or when it wakes up from STOP 
mode, the oscillator circuit is started up. This circuit can 
take a relatively long time to come up to speed and to 
stabilize. The oscillator stabilization time field (WT) in 
the SBCR does not affect the physical startup time; it 
determines how long the V53 will wait for the clock 
generator oscillator circuit to stabilize. The user should 
determine the worst case stabilization time and select a 
longer value of WT. 


RESET FUNCTION 


The V53 is reset when a falling edge is input to the 
RESET pin and is subsequently held low for six clocks or 
longer than the oscillator stabilization time and then 
made high. 
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CPU Operations 


When the V58 is reset, the CPU is initialized as shown in 
figure 111 and starts prefetching instructions from ad- 
dress FFFFOH. 





Figure 111. CPU Reset Status 

Pretetch Pointer PFP 0000H 
Program Counter PC 0000H 
Program. Segment Register PS FFFFH 
Stack Segment Register ss 0000H 
Data Segment 0 Register DSO 0000H 
Data Segment 1 Register DS! 0000H 
Queue Cleared 


Program Status Word PSW 


V BRK 
0 o | 


15 0 
AC CY 
-0 0 
7 0 


Internal Register Operations 





Some internal registers are also initialized by the RESET 
input signal. See figure 112. The rest of the registers 
retain the status they had immediately before the RESET 
signal was applied, but their contents are undefined at 
power up. 





Figure 112. Register Reset Status 
, Initial Value, Bits 7-0 

Reglster 7 6 5 4 3 2 1 
System I/O Area 

SCTL - - _ 0 0 
OPSEL .— - _ _ 0 
WCYO “oo - - - 
wcyi - 
WwCyY2 _ 
WCY3 _ 
wey4 = 
WMBO - 
WMBi1 - 


°o 


SS ee ee ee a) 


| 
BS lobe bas ail ee ee be pea es 
olofolo}afafa{a}-]-]=]o]o] 
O1Ololols~taslatatiaian| =lolo 


Bs] 
a 
Q 
I 
° 
| 
olojo 
of+fojo 





Figure 112. Register Reset Status (cont) 
Initial Value, Bits 7-0 





Reglster 7 6 5 4 3 2 1 0 
Serial Control Unit . 

SMD 0 1 0 0 1 1 1 
SCM _ _ 0 0 0 0 0 
SIMK Se es ee de = oe 4 
SST = 0 0 0 0 1 0 0 
DMA Control Unit 

DCH - - - 0 0 0 0 1 
Co en 
DDC = - 0 0 0 = = 
(8H) 

DOG: eae a ae Pe ee 8 
(9H) 

pT 0 0 O 0 oO 0 0 0 
PMK So ee cee eee 


INSTRUCTION SET HIGHLIGHTS 


Enhanced Instructions 


In addition to the p»PD8088/86 instructions, the 
pu.PD70236 has enhanced instructions listed in table 8. 


Table 8 Enhanced Instruction 


Instruction Function 

PUSH imm Pushes Immediate data onto stack 

PUSH R Pushes 8 general registers onto stack 

POPR Pops 8 general registers onto stack 

MUL imm Executes 16-bit multiply of register or memory 
contents by immediate data 

SHL imms Shifts/rotates register or memory by immediate 

SHR imms value 

SHRA imms 

ROL imms 

ROR imms 

ROLC imms 

RORC imms 

CHKIND Checks array index against designated 
boundaries 

INM Moves a string from an I/O port to memory 

OUTM Moves a string from memory to an I/O port 

PREPARE Allocates an area for a stack frame and copies 

previous frame pointers : 

DISPOSE Frees the current stack frame on a procedure exit 
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Enhanced Stack Operation Instructions. 


PUSH imm. This instruction allows immediate data to 
be pushed onto the stack. 


PUSH R; POP R. These instructions allow the contents 
of the eight general registers to be pushed onto or 
popped from the stack with a single instruction. 


Enhanced Multiplication Instructions 


MUL regi6, imm16; MUL memi6, imm16. These in- 
structions allow the contents of a register or memory 
location to be multiplied by immediate data. 


Enhanced Shift and Rotate Instructions 


SHL reg, imm8; SHR reg, imm8; SHRA reg, imms. 
These instructions allow the contents of a register to be 
shifted by the number of bits defined by the immediate 
data. 


ROL reg, imm8; ROR reg imms; ROLC reg, imms8; 
RORC reg, imm8&s. These instructions allow the contents 
of a register to be rotated by the number of bits defined 
by the immediate data. 


Check Array Boundary Instruction 


CHKIND regi6, mem32. This instruction is used to 
verify that index values pointing to the elements of an 
array data structure are within the defined range. See 
figure 113. The lower limit of the array should be in 
memory location mem32, the upper limit in mem32 + 2. If 
the index value in regi6 is not between these limits when 
CHKIND is executed, a BRK 5 will occur. This causes a 
jump to the location in interrupt vector 5. 


Figure 113. Check Array Boundary 


Memory 


Upper Limit f 


mem32 + 2 (Upper Limit) 
mem32 (Lower Limit) 


a Array QQ 
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Block 1/0 Instruction 


OUTM DW, src-block; INM dist-block, DW. These in- 
structions are used to output or input a string to or from 
memory, when preceded by a repeat prefix. 
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Stack Frame Instruction 


PREPARE imm16,imm8s. This instruction is used to 
generate the stack frames required by block-structured 
languages, such as PASCAL and Ada. The stack frame 
consists of two areas. One area has a pointer that points 
to another frame which has variables that the current 
frame can access. The other is a local variable area for 
the current procedure. : 


DISPOSE. This instruction releases that last stack frame 
generated by the PREPARE instruction. It returns the 
stack and base pointers to the values they had before 
the PREPARE instruction was used to call a procedure. 


Unique Instructions 


In addition to the »PD8088/86 instructions and the en- 
hanced instructions, the »PD70236 has the unique in- 
structions listed in table 9. 


Table 9. Unique Instructions 

Instruction Function 

INS Insert bit field 

EXT Extract bit field 

ADD4S Adds packed decimal strings 

SUB4S Subtracts one packed decimal string from 
another 

CMP4S Compares two packed decimal strings 

ROL4 Rotates one BCD digit left through AL lower 4 bits 

ROR4 Rotates one BCD digit right through AL lower 4 bits 

BRKXA Break and enable expanded addressing 

RETXA Return from break and disable expanded 
addressing 

TEST1 Tests a specified bit and sets/resets Z flag 

NOT1 Inverts a specified bit 

CLRi Clears a specified bit 

SET1 Sets a specified bit 

REPC Repeats next instruction until CY flag is cleared 

REPNC Repeats next instruction until CY flag is set 

FP02 Additional floating-point processor call 


Variable Length Bit Field Operation Instructions 


This category has two instructions: INS (Insert Bit Field) 
and EXT (Extract Bit Field). These instructions are 
highly effective for computer graphics and high-level 
languages. They can, for example, be used for data 
structures such as packed arrays and record type data 
used in PASCAL. 
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INS reg8, reg8; INS reg8, imm4. This instruction trans- 
fers low bits from the 16-bit AW register (the number of 
bits is specified by the second operand) to the memory 
location specified by the segment base (DS1 register) 
plus the byte offset (IY register). The starting bit position 
within this byte is specified as an offset by the lower 4 
bits of the first operand. See figure 114. 


After each complete data transfer, the lY register and the 
register specified by the first operand are automatically 
updated to point to the next bit field. 


Either immediate data or a register may specify the 
number of bits transferred (second operand). Because 
the maximum transferable bit length is 16 bits, only the 
lower 4 bits of the specified register (00H to OFH) will be 
valid. 


Bit field data may overlap the byte saunas of memory. 


Figure 114. Bit Field insertion 


Bit 
Length 


Poe ie 
awl 0 Vd et aye 


| Offset Offset [IY] 


| Memory 


Byte Segment Base 
Boundary DS1} 


49NR-341A 


EXT reg8, reg8; EXT reg8, imm4. This instruction 
loads to the AW registers the bit field data whose bit 
length is specified by the second operand of the instruc- 
tion from the memory location that is specified by the 
DSO segment register (segment base), the IX index 
register (byte offset), and the lower 4 bits of the first 
operand (bit offset). See figure 115. 


After the transfer is complete, the IX register and the 
lower 4 bits of the first operand are automatically up- 
dated to point to the next bit field. 


Either immediate data or a register may be specified for 
the second operand. Because the maximum transfer- 
able bit length is 16 bits, however, only the lower 4 bits of 
the specified register (OOH to OFH) will be valid. 


Bit field data may overlap the byte boundary of memory. 
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Figure 115. Bit Field Extraction 


Bit Bit 
Length Offset 


Byte 
Offset {!X] 


§ Memory 


Byte Segment Base 
Boundary [DSo]} 


Packed BCD Operation Instructions 


The instructions described here process packed BCD 
data either as strings (ADD4S, SUB4S, CMP4S) or byte- 
format operands (ROR4, ROL4). Packed BCD strings 
may be from 1 to 254 digits in length. 


When the number of digits is even, the zero (Z) and carry 
(CY) flags will be set according to the result of the 
operation. When the number of digits is odd, the Z and 
CY flags may not be set correctly. In this case (CL = 
odd), the Z flag will not be set unless the upper 4 bits of 
the highest byte are all Os. The CY flag will not be set 
unless there is a carry out of the upper 4 bits of the 
highest byte. When CL is odd, the contents of the upper 
4 bits of the highest byte of the result are undefined. 


ADDA4S. This instruction adds the packed BCD string 
addressed by the.IX index register to the packed BCD 
string addressed by the IY index register, and stores the 
result in the string addressed by the IY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the V (overflow), CY, and Z flags . 


BCD string (IY, CL) <- BCD string (IY, CL) + BCD string 
(IX, CL) 


SUB4S. This instruction subtracts the packed BCD 
string addressed by the IX index register from the 
packed BCD string addressed by the IY register, and 
stores the result in the string addressed by the lY 
register. The length of the string (number of BCD digits) 
is specified by the CL register, and the result of the 
operation will affect the V, CY, and Z flags. 


BCD string (IY, CL) < BCD string (IY, CL) - BCD string 
(IX, CL) 


CMP4S. This instruction performs the same operation 
as SUB4S except that the result is not stored and only 
the V, CY, and Z flags are affected. 


BCD string (IY, CL) — BCD string (IX, CL) 


ROL4. This instruction treats the byte data of the regis- 
ter or memory operand specified by the instruction as 
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BCD data and uses the lower 4 bits of the AL register 
(AL) to rotate that data one BCD digit to the left. See 
figure 116. 


Figure 116. BCD Rotate Left . 


7 AL 0 


Reg/Mem 
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ROR4. This instruction treats the byte data of the regis- 
ter or memory specified by the instruction as BCD data 
and uses the lower 4 bits of the AL register (AL,) to rotate 
that data one BCD digit to the right. See figure 117. 


Figure 117. BCD Rotate Right 





Reg/Mem 


7 AL 0 
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Bit Manipulation Instructions 


TEST1. This instruction tests a specific bit ina register 
or memory location. If the bit is 1, the Z flag is reset to 0. 
if the bit is 0, the Z flag is set to 1. 


NOT1. This instruction inverts a specific bit in a register 
or memory location. 


CLR1. This instruction clears a specific bit in a register 
or memory location. 


SET1. This instruction sets a specific bit in a register or 
memory location. 


Repeat Prefix Instructions 


REPC. This instruction causes the »PD70236 to repeat 
the following primitive block transfer instruction until 
the CY flag becomes cleared or the CW register be- 
comes zero. 


REPNC. This instruction causes the »PD70236 to repeat 
the following primitive block transfer instruction until 
the CY flag becomes set or the CW register becomes 
zero. 


Address Expansion Control instructions 


BRKXA imm8&. This instruction is used to turn on ex- 
panded addressing. The 8-bit immediate data specifies 
an interrupt vector. The PC field of this vector is loaded 
into the PC (and PFP). The XA flag in the XAM register is 
set to 1, thereby enabling the expanded addressing 
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mode. The »PD70236 will begin fetching from the new 
PFP through the address translation table. That is, the 
new PC is treated as a logical address and is translated 
to the new, larger physical address space. 


This instruction does not save any return-address infor- 
mation, such as PC, PS, or PSW to the stack. . 


RETXA immé&. This instruction is used to turn off ex- 
panded addressing. It is identical in operation to BRKXA, 
except that the expanded addressing mode is turned off 
before fetching from the new address. That is, the XA flag 
in the XAM register is set to 0, and the PC is loaded with 
the value of the PC field in the interrupt vector selected 
by the immediate data. . 


This instruction does not save any return address infor- 
mation such as PC, PS, or PSW to the stack. 


Porting »PD70116/70108 Code to »PD70236 


The »PD70236 is completely software compatible with 
the »PD70116/70108. However, the »PD70236 offers 
some improvements that may affect the porting of 
uPD70116 code to the »PD70236. These improvements 
are: 


(1) The »PD70116 does not trap on undefined opcodes. 


The »PD70236 will trap, and also will trap when a 
register addressing mode is used for any of these 
instructions: 


CHKIND 
MOV DSo/DS1 
CALL 1,id 


During signed division (DIV), if the quotient is 80H 
(byte operation) or 8000H (word), the nPD70116 will 
take a Divide By 0 trap. The n»PD70236 will perform 
the calculation. 


When the nPD70116 executes the POLL instruction, 
it will wait for the POLL input signal to be asserted. 
The pPD70236 has no POLL input; instead, when this 
instruction is executed, if a coprocessor is not 
connected, then a Coprocessor Not Present trap will 
be taken. If a coprocessor is attached, then no 
operation takes place. 


The »PD70116 accepts FP01 and FP02 as opcodes 
for the iAPX8087 coprocessor. The »PD70236 ac- 
cepts these as opcodes for the 1PD72291 coproces- 
sor, which is not compatible with the iAPX8087. 


During the POP R instruction, the »PD70116 does 
not restore the SP register The »PD70236 does 
restore the SP. 


LDEA 
BR 1,id 


(2 


— 


(3 


— 


(4 


— 


91 


pPD70236 (V53) 


NEC 





(5) When processing a divide error, the 1PD70116 saves 
the address of the next instruction. The »PD70236 
saves the address of the al instruction. (the 
divide instruction). 


(6 


— 


The 4PD70116 allows up to three prefix instructions 
in any combination. The n.PD70236 also allows three 
prefixes, but only one of each type can be used. The 
- #PD70236 could operate incorrectly if there are two 
prefixes of the same type. For example, consider: 


’ REP 
REPC 
CMPBK SS: src-block, dst-block 


If the compare operation is interrupted, then when it 
resumes following the interrupt service, execution 
will begin at. the REPC instruction, not the REP 
instruction, because two repeat prefixes were used. 


The »PD70116 accepts NMI requests even while 
‘processing an NMI. The »PD70236 does not allow 
nesting of NMIs; the NMI input will be ignored until 
the NMI interrupt handler is exited. 
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INSTRUCTION SET | 
Symbols 


Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 


Clocks 


In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction exe- 
cution. 

Clock timings assume the instruction has been 
prefetched and is present in the 8-byte instruction 
queue. Otherwise, add two clocks for each pair of bytes 
not present. 


Word operands require two additional clocks for each 
transfer to an unaligned (odd address) memory operand. 
These times are shown on the right side of the slash (/). 


For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if the 
transfer or branch takes place. The number on the right 
side is applicable if it does not take place. 


If a range of numbers is given, the execution time 
depends on the operands involved. 


NEC 
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Symbols 
Symbol 

ace 

duso 

dmem 

dst 
ext-disps 


far_label 
far_proc 
fp_op 
imm 
imm3/4 
Imms 
imm16 
mem 


mems 
mem16 
mem32 
memptr16 


memptr32 


mod 
near_label 
near_proc 
offset 
pop.value 
reg 


reg8 
regi6 
regptr 


regptrié 


seg 
short_label 


sr 
sic 
temp 
“AC 
AH 


Meaning 

Accumulator(AW or AL) 
Displacement (8 or 16 bits) 
Direct memory address 
Destination operand or address 


16-bit displacement (sign-extension byte + 8- 
bit displacement) 


Label within a different program segment 
Procedure within a different program segment 
Floating-point instruction operation 

8- or 16-bit immediate operand 

3- or 4-bit Immediate bit offset 

8-bit immediate operand 

16-bit immediate operand 


Memory field (000 to 111); 8- or 16-bit memory 
location 


8-bit memory location 
16-bit memory location 
32-bit memory location 


Word containing the destination address within 
the current segment 


Double word containing a destination address in 
another segment 


Mode field (00 to 10) 

Label within the current segment 
Procedure within the current segment 
Immediate offset data (16 bits) 

Number of bytes to discard from the stack 


Register field (000 to 111); 8- or 16-bit general- 
purpose register 


8-bit general-purpose register 
16-bit general-purpose register 


16-bit register containing a destination address 
within the current segment 


Register containing a destination address within 
the current segment 


Immediate segment data (16 bits) 


Label between —128 and +127 bytes from the 
end of the current instruction 


Segment register 

Source operand or address 
Temporary register (8/16/32 bits) 
Auxiliary carry flag 

Accumulator (high byte) 

















Symbol Meaning 
AL Accumulator (low byte) 
AW Accumulator (16 bits) 
BH BW register (high byte) 
BL BW register (low byte) 
BP BP register 
BRK Break flag 
BW BW register (16 bits) 
CH CW register (high byte) 
CL CW register (low byte) 
Cw CW register (16 bits) 
CY Carry flag 
DH DW register (high byte) 
DIR Direction flag 
DL DW register (low byte) 
DSO Data segment 0 register (16 bits) 
DSi Data segment 1 register (16 bits) 
DW DW register (16 bits) 
IE Interrupt enable flag 
Ix Index register (source) (16 bits) 
lY Index register (destination) (16 bits) 
MD Mode flag 
P Parity flag 
PC Program counter (16 bits) 
PS Program segment register (16 bits) 
PSW Program status word (16 bits) 
R Register set 
$ Sign extend operand field 
S = No sign extension 
S = Sign extend immediate byte operand 
$s Sign flag 
SP Stack pointer (16 bits) 
Ss Stack segment register (16 bits) 
Vv Overflow flag 
WwW Word/byte field (0 to 1) 
X, XXX, YYY, ZZ2Z Data to identify the instruction code of the 
external floating-point arithmetic chip 
XXH Two-digit hexadecimal value 
2OXXH Four-digit hexadecimal value 
Zz Zero flag 
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Fiag Operations Register Selection (mod = 11) 
Symbol Meaning reg W=0 W=1 
(blank) No change 000 AL .- ; AW 
0 Cleared to 0 001 CL. . CW 
1 Set to 1 010 DL DW 
x Set or cleared according to result 011 BL BW 
u Undefined 100 - AH - “SP 
R Restored to ‘previous state 101 CH BP 
Rants S 110 DH Ix 

Memory Addressing Modes "1 ) BH IY 
mem mod = 00 mod = 01 mod = 10 
000 BW + Ix BW+IX+disp8  BW+iX+dispis Segment Register Selection 
001 BW + lY BW + lY + disp8 BW + lY + disp16 sr "Segment Register 
010 BP + IX . BP +IX+ disp8 BP + IX + disp16 00 DS1 
o11 BP + lY BP +. lY + disp8 BP + lY + disp16 01 PS 
100 IX IX+disp8 IX + disp16 10 ss 
101 lY IY + disp8 — lY + disp16 11 DSO 
110 Direct BP + disp8 BP + disp16 
111 BW BW + disp8 BW + disp16 
Instruction Set . . 

5 Opcode Flags 
Mnemonle Operand — 76543 210 76 5 43 2 1 «0 Clocks Bytes AC CY V P S Z 
Data Transfer Instructions 
MOV reg, reg °10001031W 11 reg reg 2 vat 

mem, reg 1000 1 0 0 W~ mod reg = mem 3/5 2-4 

reg, mem 1000 1 01 W- mod reg mem 5/7 2-4 

mem, imm 1100 0 1 1 W- mod 000 mem 3/5 3-6 

reg, imm 10114 W reg 2 2-3 

acc, dmem 1010000W 5/7 3 

dmem, acc 1.010 00%i1W 3/5 3 

sr, regi6 10001 1411 0 110 sf reg 2 2 

sr, mem16 1000 1 1 4 «90 mod 0 sr mem 5/7 2-4 

reg16, sr 10001 1:0 0 110 sr reg 2 2 

memi6, sr 100014 10 0 mod 0O- sr mem 3/5 2-4 

DSO, regi6; mem32_ 1 100010 1 mod reg mem 10/14 2-4 

DS1, regi6, mem382_ 1 100 0 1 0 0- mod reg mem 10/14 2-4 

AH, PSW 10:0 11311 1 2 1 

PSW, AH 10014 141 1 1 «0 2 1 x xX x x X 
LDEA regi6, mem16 10001 4 0 0. mod reg mem 2 2-4 
TRANS ste_table 11014101414 1 5 1 
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Instruction Set (cont) 

Opcode Flags 
Mnemonic Operand 7 6 5 4 3 2 1 0 765 43 2 1 =O Clocks Bytes AC CY V P § Z 
Data Transfer Instructions (cont) 




















XCH reg, reg 1000031 1 W 1 1 reg reg 3 2 
mem,reg 1000031 1 (%W mod reg mem 8/12 2-4 
AW,regi6é 10 0 1 0 reg 3 1 

Repeat Prefixes 

REPC 014100 1 1 

REPNC 01100 0 1 

REP 1 $14 1 0 0 1 1 

REPE 

REPZ 

REPNE 111410074 0 2 1 

REPNZ 

Block Transfer Instructions 

MOVBK dst, src 101001 0 W 1 

3 + 4n (W = 0) 


3 + 4n (W = 1, even addresses) 
3 + 8n (W = 1, odd addresses) 
3 + 6n (W = 1, odd/even addresses) 


CMPBK dsi,ste 86h 1 0 1001 1 «iW 41 x %X xX X xX X 
3 + 7n (W = 0) 
3 + 7n (W = 1, even addresses) 
3 + 11n (W = 1, odd addresses) 
3 + 9n (W = 1, odd/even addresses) 

CMPM_ _—_s dst 10101 141 1 #W 1 ™“ x xX xX xX X 
3 + 5n (W = 0) 
3 + 5n (W = 1, even addresses) 
3 + 7n (W = 1, odd addresses) 

LDM src 10310131 0 W 1 
5 + 2n (W = 0) 
5 + 2n (W = 1, even addresses) 

5 + 4n (W = 1, odd addresses) 

STM dst 101031 0% W 1 
3 + 2n (W = 0) 
3 + 2n (W = 1, even addresses) 
3 + 4n (W = 1, odd addresses) 


n = number of returns 
String instruction execution clocks for a single-instruction execution are in parentheses. 
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Instruction Set (cont) 








Opcode Flags 
Mnemonic Operand 7 6 5 4 3 2 1 O 7 6 5 43 2 1 =O Clocks Bytes AC CY V P S$ Z 
I/O Instructions (cont) 








IN acc,.lmm8 1110010 W 5/7 2 
acc, DW 11104 1 0W 3/5 1 
OUT imm8,acc 1 1 1 0011 +4%W 3/5 2 
DW, acc 11104 1 1 #W 3/5 1 
INM dst, DW 011031 1 0 W 1 
3 + lin (W = 0) 
3 + 8n (W = 1, even addresses) 
3 + 22n (W = 1, odd addresses) 
3 +20n (W = 1, odd/even addresses; 
odd for I/O) 
3 + 18n (W = 1, odd/even addresses; 
odd for memory) 
OUTM DW, sre 01140 1% 1 1 W 1 


3 + lin (W = 0) 

3 + 8n (W = 1, even addresses) 

3 + 22n (W = 1, odd addresses) 

3 + 20n (W = 1, odd addresses; 
odd for I/O) 

3 + 18n (W = 1, odd addresses; 
odd for memory) 


n = number of transfers 
String Instruction execution clocks for a single-instruction execution are in parentheses. 
Use the right side of the slash () for DMA I/O accesses. 





BCD Instructions 
ADJBA 00110111 4 1 x KX uUuuUB 
ADJ4A 001001 1 «1 2 1 x x ux X xX 
ADJBS 00141414 14 4 «1 4 1 x x uu uu 
ADJ4S 0031011 1 =41 2 1 x x“ ux x x 
ADD4S dst, src 00004 114 «1 00100 00 0 2+ n 2 u x uu ou x 
SUB4S dst, sre 0000111 «41 0010001 0 2+ 18 2 u- x uuu xX 
CMP4S dst, src 000011 1 1 001001 1 0 7+ 14n 2 u x u ou ou xX 
ROL4 regs 00001 1 1 «1 00101 000 9 3 
1 10 0 0 reg 
mems 0000114 1 1 00101000 3-5 
mod 0 0 0 mem 
ROR4 regs 00001 1 14 «1 00101 01 0 #18 3 
1 0 0 0 reg 
mems 00001 1 1 «4 00107 0 1 0 #19 3-5 


mod 0 0 0 mem 
n = number of BCD digits divided by 2 
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NEC 


Instruction Set (cont) 


Flags 


Bytes AC CY V P §S Z 


Opcode 


006m77—lUchBlhUHlUMHLUMBmlCU2lhULd1C OO OCClocks 


1 


765432 


Mnemonic Operand 


Data Type Conversion Instructions 


CVTBD 


u x X X 


12 


0 
0 


1 
1 


0 


0 


~ 


0000 
0 0 0 0 


u xX X X 


CVTDB 


100 0 
10 0 


1 . 
1 


0 0 


CVTBW 


0 0 


CVTWL 


Arithmetic instructions 


xXx X XX X 


x 


reg 


reg 


WwW 


0000000 W 


1 


000000 


reg, reg 


ADD 


mod — 


mod 


x xX X XxX X 


2-4 
2-4 
3-4 
3-6 
2-3 


711 


6/8 


mem 


reg 


mem, reg 


x xX XX X 


: : 


mem 


reg 
0 0 0 


WwW 
mod 0 0 O 


000008 W 


00000 0 1 


1 
1 


reg, mem 


x xX X X 


x 


reg 


1 


1 


reg, Imm 


x 
x 
x 
x 


x 


7/11 


mem 


000008 W 


mem, imm 





x X X X X 


“Xx 


Ww 
WwW 


000W 
0 0 


0 
000008 W 


0000 0: 1 
00 0 0 0 
0 0 0 

0 0 0 

1 

1 


acc, Imm 


x X XX X 


x 


reg 


1 
1 
1 


reg, reg 


ADDC 


xX X X X 


x 


2-4 


7/11 
6/8 


reg mem 


mod 


mod 


mem, reg 


x Xx xX xX X 


2-4 
3-4 


mem 


Ww 


reg, mem 


x X XX X 


x 


reg 


_ mem 


reg, imm 


x x x xX xX 


3-6 
2-3 


7/11 


0 


1 


mod 0 


00000S8S W 


0 0 0 
0 
0 
0 
1 
1 


0 


mem, imm 


x X XX X 


x 


ace, imm 


x xX XX X 


x 


reg 


0 
0 
0 


reg, reg 


SUB 


2-4 x x xX x X 


2-4 


7/11 


6/8 


reg 


mod 


mod 


0 0 W 


mem, reg 


mem 


x xX %X X 


x: 


mem 


‘reg 


reg, mem 


xXx “x X XX X 


3-4 
3-6 
2-3 


reg 


000008 W 


reg, imm 


0000085 W 


0 


x X XX X 


x 


1 mem 7/11 


0 


1 


mod 


mem, imm 


x X XX X 


x 


ace, imm 


x X XX X 


x 


reg 


reg 


1 
1 
1 


0 0 0 
0 0 0 


reg, reg 


SUBC 


x XK X X X 


2-4 
2-4 
3-4 
3-6 


7/11 
6/8 


mem 


reg 


mod 


o 0 W 


1 


mem, reg 


x %X XX X 


x 


mem 


reg 


mod 


00 0 


reg, mem 


x %X XX X 


x 


reg 


000008 W 


1 
1 


reg, imm 


x XX X X 


x 


mem 7/11 


1 


1 


000008 W mod 0 
0 0 0 


mem, imm 


x xXx xX XX X 


2-3 


1 


acc, imm 


x X XX X 


reg 


0 0 0 
mod 0 0 O 


1 


reg8 


INC 


x %X XX X 


2-4 


7/11 


mem 


Ww 


mem 


x X XX X 


0 0 0 0 reg 


regi6 


x xX XX X 


reg 


0 0 


mod 0 Q 


reg8 


DEC 


7/11 2-4 x x xX X 


mem 


1 


Ww 


mem 


xX xX XX X 


reg 


1 0 0 


0 


regié 


reg. 


reg8 


MULU 


12 
12 
. 16/18 


reg 


1 
1 
1 


regié 


2-4 
2-4 


mem 


mems 


mem 


memié 
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Instruction Set (cont) 




































































Opcode Flags 

Mnemonle Operand 76543210 765 43 2 1 «0 Clocks Bytes AC Cy Vv PS 2 

Arithmetic Instructions (cont) 

MUL . reg8 . 11110410 1110141 weg 8° 2 ux xuuu 
regié 1141014414 4114104 +#-eg 12 2 ux x UU-U 
mems 141414104 1 0 mod 1014 #mem= 12 24 uo xX x uu. 
memi16 11110141 4 #+\mod 1014 mem 16/18 24 uo ™-x x uuu 
regi6, regié,imm8 0110101 1 #4 1~~ ©eg reg 12 3. ux x uuu 
regi6é, mem16,imm8 0110101 1 mod reg mem = 16/18 3-5 uoesx x uiu.u 
regi6, regi6é,imm16 0 110100 1 1 $1 reg reg 12 4 u- x xX UuUU 
regi6é, mem16,immi6 0 1 1 0100 1 mod reg mem 16/8 4-6 u- x x uuu 

DIVU reg8 1141041 0 #4414 141 41 «0 regs 2 uu uu du 
regié 111101 1 «41 14111 0 reg 19 2 uu uowuuiwuiu 
mems 111404 141 0 mod 110 mem 15 24 ui uuu dud 
memi6 11114 034 4 #44 &+24mod 11 0 mem = 23/25 24 uo ou uuu i.ld 

DIV reg8 11110141 0 41% 11° reg 16 2 uo uuu d5sila 
regi6 1111031 «41 11314141 treg = 4 2 uo uouuuidu 
mems 111101 14 0 mod 114 14 #+mem= 20 24 uo ouiud9usito.4y5 
mem16 111140311 «4 mod 11 1 mem 28/30 2-4 u- u uuiusds 

Comparison Instructions - , 

CMP reg, reg 001110%1W 414 #teg: reg 2 2 x“ x xx x x 
mem, reg 00111400 W-~ mod reg mem 6/8 2-4 x xX xX X X X 
reg, mem 001.1 1-0 1 W- mod teg mem 6/8 24 x x x X X xX 
reg, imm 1000008 W 1111414 ~ «eg 2 34 x xX xX xX XxX xX 
mem, imm 100000S W mod 1114 mem 6/8 36 xX xX X xX xX xX 
ace, imm 00131311 0W 2 2-3 Xx .X xX X X X 

Logical Instructions 

NOT teg 111101 %1W 144010 reg 2 2 
mem 1411 10% 1 W mod 010 jmem “7/11 2-4 

NEG reg 1111411031 W 1440441 reg 2 2 x -X x X X Xx 
mem 111411 0-1 141 W mod 01 4 mem 7/11 2-4 x xX X X X X 

TEST reg, reg 1000010W 11 reg reg 2 2 u- 0 OX x x 
mem, reg 10000 1 0 W-= mod reg mem 6/8 24 u 0 0x x x 
reg, imm 114141014 1W #41000 reg 2 3-4 u' «oO Ox x x 
mem, imm 11141041 1 W mod 0 0 0 mem 68 3-6 u°-0 0 xXx xX x 
acc, imm 10310%100W 2 2-3 u'- 0 Ox x x 

AND reg, reg 001000 1W i141 reg reg 2 2 u “0 Ox x x 
_ mem, reg 0 0 100 0 0 W_ mod reg mem 7/11 2-4 u O* 0 x xX x 
reg, mem 001000 1 W_ mod reg mem 6/8 2-4 uu oO OX x-xX 
teg, imm 1000000W 1% 100 reg) 2 3-4 u @ OxXx x x 
mem, imm 1000000 W mod 100 jmem 71 - 3-6 u- 0 Ox x x 
acc, imm 0000110 W 2 2-3 u QQ OxXx x x 
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instruction Set (cont) 





Mnemonic Operand 

















7654321 
Logical Instructions (cont) 


Opcode 


7 65 43 2 1 «0 Clocks 


Bytes AC CY V P § Z 


Flags 






































OR reg, reg 0000101 W 1 1 reg reg 2 2 u 0 Ox x x 
mem, reg 000010 0 W~ mod reg mem 711 2-4 u'- QO Ox x x 
reg, mem 00001 01 W mod reg mem 6/8 2-4 u 0 Ox x x 
reg, Imm 1000000wW 114100 1 reg 2 3-4 u 0O O x x x 
mem, imm 1000000 W mod 0 0 1 mem = 7/11 36 u 0 0 x-x xX 
ace, imm 000011 0W 2 23 u 00x x x 
XOR reg, reg 0011001 W 11 reg reg 2 2 u' oO Ox x x 
mem, reg oo0o1t%1000W mod reg mem 7/11 2-4 u oO Oo x x x 
reg, mem 0011 001 W mod Teg mem 6/8 2-4 u 0 Ox x X 
reg, imm 1000000W 1141414 1 «90 reg 2 3-4 u 0 oO xXx x x 
mem, imm 1000000 W mod 1 1.0 mem 7/11 3-6 u 0 oO0O xX. x X 
ace, imm 001101 0W 2 2-3 u O Ox x x 
Bit Manipulation Instructions 
INS reg8, regs 0000111 1 001141000 1 += 87-61/ 3 
1 1 reg reg 39-77 
reg8, imm4 000011 1 1 0011 1 0 0 1 += 9387-69/ 4 
1100 0 reg 39-77 
EXT reg8, reg8 000011 71 #1 00110 %0-°+14 4 = 29-61/ 3 
1 1 reg teg 33-63 
regs, Imm4 0000111 1 001110 1 #4 = 29-61/ 4 
110 0 0 reg 33-63 
TEST1 teg, CL 0o0oo0o0o0%1%11 1 0001000W 4 3 u Oo Ou iu xX 
110 0 0 reg 
memés, CL 0000111 1 00010000 8 3-5 u' O Ouiu x 
mod 0 0 0 mem 
mem16, CL 000011 1 1 00010001 ~= «810 3-5 u 0 O uu xX 
mod 0 0 0 mem 
reg, Imm3/4 00001 1% 1 1 00011 00W 4 4 u' oO QO oui iu x 
000 reg 
mem8,imm38 00 00111 1 00011000 «18 46 u 0 Ouiu x 
mod 0 0 0 mem 
memié,imm4 0 0 00111 1 0001100 1~= «28/10 4-6 u- 0 O uu xX 
mod 0 0°0 mem 
SET1 reg, CL 00001 11 «4 000101 0 W 4 3 
000 reg 
mem, CL 0000111 1 00010141 0W 9 3-5 
mod 0 0 0 mem 
reg, imm3/4 000011 1 4 00014 1310W 4 4 
00 0 reg 
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Instruction Set (cont) 











Opcode Flags 
Mnemonle Operand 76543210 76 5 43 2 1 «0 = Clocks Bytes AC CY V P §$ Z 
Bit Manipulation Instructions (cont) 
SET1 (cont) mem8,imm3 0 0 0 0111 1 0001%4 100 9 4-6 
mod 0 0 0 mem 
mem16,imm4 0 000131 1 =1 0001 1 1 0 141 —= 913 4-6 
mod 0 0 0 mem 
CY 111414 100 1 1 1 
DIR 11144 110 1 
CLRI1 reg, CL 00001111 0001001 W 3 
110 00 reg 
mems, CL 00001141411 0001 001 0 9 3-5 
mod 0 0 0 mem 
mem16, CL 0000114141 0001 00 1 4 = 913 3-5 
mod 0 0 0 mem 
reg,imm3/4 000031111 000411 01 W 4 4 
0 0 0 reg 
mem8,imm38 0000%1%%1%1 00013101 0 9 4-6 
mod 0 O 0 mem 
memi6é,imm4 000013111 0001 101 1 = 918 4-6 
mod 0 0 O- mem 
CY 1114141 100 0 1 0 
DIR 1111 1 1 0 0 1 
NOT1 reg, CL 0000114 1 000141 01 4 W 3 
110 0 0 reg 
mems, CL 00001411 000310141 10 9 3-5 
mod 0 O O mem 
mem16, CL 00001141 0001 0 4..1 1 = 9/13 3-5 
mod 0 0 0 mem 
reg, imms3/4 00001 14 1 «41 0001141 4 W 4 4 
00 (0 reg 
mem8,imm3 000 0111 1 0001 141141 1 ~W 9 4-6 
. mod 0 0 O mem 
memi6,imm4 0 0 0 0 1 1 1 1 0001 14 4 «4 «1 = 9/13 4-6 
mod 0 0 0 mem 
CY 1131104 0 1 2 1 x 
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Instruction Set (cont) 


Flags 


Bytes AC CY V P S$ Z 


Opcode 


0 Clocks 


0 7685 432 «1 


1 


76543 2 


Shift/Rotate Instructions 


Mnemonic Operand 
SHL 


reg 


000 W 


1 
1 


0 
0 
0 
0 


reg, 1 


2-4 


mem 7/11 


0 


0 


1 


0 0 0 W~ mod 


mem, 1 


2+n 


reg 


0 0 Ww 


0 0 


1 


1 
1 
1 
1 


reg, CL 
mem, CL 


2-4 


6/10 + n 
2+n 


mem 


0 


Ww mod 1 


1 


reg 


00000W 1 


00000 W 


1 
1 


reg, imms 


mem 6/10 + n 3-5 


0 


1 


mod 


mem, imms 


reg 


reg, 1 


SHR 


mem 7/11 2-4 


0 


1 


000 W mod 


1 


0 
0 


mem, 1 


2+n 


reg 


Ww 
WwW 


00000 W 
00000 W 


0 0 


1 
1 
1 
1 


1 
1 
1 
1 


reg, CL 





2-4 


6/10 +n 
2+n 
6/10 +n 


mem 


0 


1 


mod 


1 


0 0 


mem, CL 


reg 


reg, imms 


3-5 


mem 


1 


0 


1 


mod 


mem, imms 


oO x x xXx 


x 


reg 


000W 
000 W 


1 


1 


0 
0 
0 
0 


reg, 1 


SHRA 


x OX x xXx 


2-4 


7/11 


mem 


1 


1 


mod 


mem, 1 


2+n 


reg 


WwW 
Ww 


00000 W 
00000 W 


. 
0 
0 


0 0 


1 
1 
1 
1 


1 
1 
1 
1 


reg, CL 


6/10 +n 2-4 
2+n 


mem 


1 


1 


mod 


1 


0 0 


mem, CL 


reg 


reg, imms 


3-5 


6/10 +n 


mem 


1 $1 


1 


mod 


1 


mem, imms 


000W 1000. reg 
0 0 0 W-mod 00 0 


1 
1 


reg, 1 


ROL 


2-4 


7/11 


mem 


1 
1 
1 
1 
1 


1 
1 
1 
1 
1 


mem, 1 


00 0 reg 2+n 


1 


mod 0 0 0 


1 


0 O 


reg, CL 
— mem, CL 


2-4 


6/10 +n 
2+n 


mem 


W 


00000 W 
00000 W 


1 


0 0 


0 0 0 reg 


1 


reg, imm 


3-5 


6/10 +n 
2+n 


7/11 


mem 


mod 0 0 O 


1 


mem, imm 


reg 


000 W 1 0 0 
000 W 

0 0 

0 0 


1 
4 


0 


reg, 1 


ROR 


2-4 


mem 


1 


mod 0 0O 


0 
0 


1 
1 
1 
1 
1 


1 
1 


mem, 1 


0 0 reg 7+hn 


mod O 0O 


1 


reg, CL 


2-4 


mem 6/10 + n 
2+n 


1 


W 


0 0000W 


1 


1 
1 
1 


mem, CL 


reg 


0 0 


1 


reg, imms 


3-5 


6/10 +n 


mod O 0 1 mem 


1 


00000 W 


mem, imms 


reg 


000 WwW 
000 W 


1 
1 


0 
0 


reg, 1 


ROLG 


2-4 


mem == 7/11 


0 


1 


mod 0 


mem, 1 


2+n 


reg 


Ww 
Ww 


0 0 

0 0 
00000 W 
00000 W 


0 
0 


1 
1 
1 
1 


1 
1 
1 
1 


reg, CL 


2-4 


mem 6/10 + n 
2+n 


0 


1 


mod 0 


1 


mem, CL 


reg 


reg, imms 


3-5 


n = number of shifts 


6/10 + n 


mem 


0 


1 


mod 0 


mem, imms 
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Instruction Set (cont) 





Opcode Flags 
Mnemonic Operand 765 43 21 «0 7 6 5 43 2 1 0 Clocks Bytes AC CY V P S$ Z 
Shift/Rotate Instructions (cont) 

















RORC reg, 1 110%10e00W 1141 01 1 reg 2 2 x xX 
mem, 1 1101000 W mod 0 71 1 mem 7/11 2-4 x Xx 
reg, CL 1103100d313W =+14134 091 «41 reg 2+n 2 x ou 
mem, CL 1%710%4100d%81  'W mod O 1 1 mem 6/10 + n 2-4 x uU 
reg, imms 11000e00W 14101 1 reg 2¢+n 3 xX ou 
mem,imm8 1 1 0000 0W mod 01 1 mem 6/10 +n 3-5 x ou 

n = number of shifts 

Stack Manipulation Instructions 

PUSH memié 111414 414 1 «41 «4 mod 1 1 0 mem 5/9 2-4 
regi6 0101 £0 reg 3/5 1 
sr 000 sr 11 0 3/5 1 
PSW 100141 10 #0 3/5 1 
R 01310000 0 20/36 1 
imm 011031 0S8S 0 3/5 2-3 

POP mem16 100011 1:1 mod 0 0 0 mem _= 5/9 2-4 
regi6 0101-1 ~~ teg 5/7 1 
st 000 sr 11 14 5/7 1 
PSW 1001110 1 5/7 1 R R RRR R 
R 01410000 1 - 22/38 1 

PREPARE immi6é,imm8 1 1 00100 0 id 4 

*imms = 0:15 
imm8= 1: 17 + 12 (imm8& - 1) odd, 15 + 8 (imm8-1) even 

DISPOSE 1410014100 41 6/10 1 

Control Transfer Instructions 

CALL near_proc 14101000 7/9 3 
regptrié 1 $1141 41 1 «4~«41 11010 reg 7/9 2 
memptrié 111% 314 «41 «4 mod 0 1 0 mem 11/15 2-4 
far_proc 100311041 0 . 9/13 5 
memptre2 1 $74 14 7 «4~« 44 mod O 1 1 mem 15/23 2-4 

RET 1410000 1.1 10/12 1 
pop_value 1 4-00 0-174 10/12 3 

1 $47100.1 01:1 12/16 1 
pop_value 1100101 #0 12/16 3 

BR nearlabel 1 110100 1 “2 og 3 
short_label 1110%0%1~.1 7 2 
regptrié 1144444 4 «+4141 4100 =eg 7 2 
memptrié 1°14 1 7 41 «4~«21 mod 1 0 0 mem 11/13 2-4 
far_label 1131014 0 1 «0 7 5 
memptr32 1141714 4 4 1 «1 ~«1 mod 1 0 1 mem 13/17 2-4 
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Instruction Set (cont) 








Opcode Flags 

Mnemonic Operand 7.6 54321060 7685 4 3 2 1 «0 Clocks Bytes AC CY V P §$ Z 
Control Transfer instructions (cont) 
BV short_label 01110000 3/6 2 
BNV _shortlabel 0114131000 41 3/6 2 
BC, BL short_label 014111001 «0 3/6 2 
BNC, BNL _short_label 01110014 1 3/6 2 
BE, BZ short_label 011101 0 0 3/6 2 
BNE, BNZ _ short_label 011% 010 «1 3/6 2 
BNH short_label o114%0%1% 1 «0 3/6 2 
BH short_label 0114103 «71 «41 3/6 2 
BN short_label 011311000 3/6 2 
BP short_label 07413110041 3/6 2 
BPE short_label 01141141 0 #41 «+0 3/6 2 
BPO short_label 01411414 10% «4 3/6 2 
interrupt Instructions 
BLT shortabel 014143141411 00 3/6 2 
BGE short_label 01131441 0441 3/6 2 
BLE short_label 0111414 1421 «0 3/6 2 
BGT short_label 014114414 «41~«2'1 3/6 2 
DBNZNE _ shortJabel 1 1100000 3/6 2 
DBNZE short_label 11100001 3/6 2 
DBNZ shortabel 1110001 «0 3/6 2 
BCWZ short_label 1110004141 3/6 2 
BRK 3 1100131 0 0 18/24 1 

imms 1 10041-1001 18/24 2 
BRKV imms 110031 1 1 «0 20/26 1 
RETI 1100%1%%1 1 13/19 1 R R RRR A 
CHKIND regi6,mem32 0110001 ~0 mod reg mem 24-26/ 2-4 

30-32 

CPU Control Instructions 
HALT 114114101 0 0 1 
BUSLOCK 113141100 0 0 
FPO1 fp_op 110% 1X X X 11Y Y Y¥ Z2ZzZ* 2 

fp_op, mem 110% 14%X X X mod Y Y Y mem * 2-4 
FPO2 fp_op 01100141 %1X 11Y Y Y222Z* 2 

fp_op, mem 013100414 %14 X mod Y Y Y mem # 2-4 
POLL 100%1%10 1 41 2+ 5n 1 

n = number of times POLL pin is sampled. 

NOP 100100 0 0 3 1 
DI 1114141 £«0 2 1 
El 111143140414 «1 2 1 
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Instruction Set (cont) 
Mnemonic Operand 
CPU Control Instructions (cont) 


DSO:, DS1:, PS:, SS: 
(segment override prefixes) 


Address Expansion Control Instructions 


BRKXA imms 00001 1 
imms. 
RETXA imms 00001 1 


imms 


76543210 


0 0 t seg 1 


Opcode 
7 6 5 43 2 1 =O Clocks. 


1 0 , 2 


1414 141 10000 0 12 


11 41 4 4000 0 12 
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Flags 
Bytes AC CY V P $ Z 








- 
= 


. 
a 


aS 


ee ey 
Ske 
ee 
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16-Bit Microcomputers 


Section 4 
16-Bit Microcomputers 


»PD70320/70322 (V25) 
16-Bit Microcomputers: 
Single-Chip, CMOS 

pPD70330/70332 (V35) 


16-Bit Microcomputers: 
Advanced, Single-Chip, CMOS 


pPD70P322 

16-Bit Microcomputer: 

Single-Chip, CMOS, 

With EPROM for V25/V35 Modes 
p»PD70325 (V25 Plus) 

16-Bit Microcomputer: 

High-Speed DMA, Single-Chip, CMOS 
»uPD70335 (V35 Plus) 


16-Bit Microcomputer: 
_ Advanced, High-Speed DMA, 


© Single-Chip, CMOS 


' pPD70327 (V25 Software Guard) 
16-Bit Microcomputer: 
Software-Secure, Single-Chip, CMOS 
»PD70337 (V35 Software Guard) 
16-Bit Microcomputer: 
Software-Secure, Single-Chip, CMOS 


pPD79011 

16-Bit Microcomputer: 

Single-Chip, CMOS, With Built-In RTOS 
pPD79021 

16-Bit Microcomputer: 

Single-Chip, CMOS, With Built-In RTOS 
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NEC Electronics Inc. . 


Description 


The wPD70320 and wPD70322 (V25™) are high-per- 
formance, 16-bit, single-chip microcomputers with an 
8-bit external data bus. They combine the instruction 
set of the 4PD70108 (V20™) with many of the on-chip 
peripherals in NEC’s 78000 series. 


The ~PD70320/322 processor has software compati- 
bility with the V20 (and subsequently the 8086/8088), 
faster memory accessing, superior interrupt processing 
ability, and enhanced control of internal peripherals. 


A variety of on-chip components, including 16K bytes 
of mask programmable ROM (uPD70322 only), 256 
bytes of RAM, serial and parallel |/O, comparator port 
lines, timers, anda DMA controller make the uwPD70320/ 
322 a sophisticated microsystem. 


Eight banks of registers are mapped into internal RAM 
below an additional 256-byte special function register 
(SFR) area that is used to control on-chip peripherals. 
Internal RAM and the SFR area are together relocatable 
to anywhere in the 1M-byte address space. This 
maintains compatibility with existing system memory 
maps. 


The uwPD70322 is the mask ROM version, the wPD70320 
is the ROM-less version, and the wPD70P322 is the 
EPROM version. 


Features 


1 Complete single-chip microcomputer 
— 16-bit ALU 
— 16K bytes of ROM (uPD70322) 
— 256 bytes of RAM 
QO) 6-byte instruction prefetch queue 
1 24 parallel 1/0 lines 
CO) Eight analog comparator inputs with programmable 
threshold level 
C1 Two independent DMA channels 
0) Two 16-bit timers 
1) Programmable time base counter 
C) Two full-duplex UARTs 
(1) Programmable interrupt controller 
— Eight priority levels 
— Five external, 12 internal sources 
— Register bank (eight) context switching 
— Eight macro service function channels 


V20 and V25 are trademarks of NEC Corporation. 
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uPD70320/70322 (V25) 
16-Bit Microcomputers: 
Single-Chip, CMOS 


1 DRAM refresh pulse output 
0 Two standby modes 
— HALT 
— STOP 
CO internal clock generator 
— 5-MHz maximum CPU clock frequency (0.4-us 
instruction cycle time) 
— 8-MHz maximum CPU clock frequency (0.25-ys 
instruction cycle time) 
0 Programmable wait state generation 
CO) Separate address/data bus interface 
1 CMOS technology 


Ordering Information 





Part Number Clock (MHz) Package Type ROM 

uPD70320L 5 84-pin PLCC ROM-less 
=< 4a 
GJ 5 94-pin plastic QFP 
GJ-8 8 

pPD70322L -xxx 5 84-pin PLCC Mask ROM 
L-8-xxx 8 
GJ-xxx 5 94-pin plastic QFP 
GJ-8-xxx 8 

pPD70P322KE-8 8 84-pin LCC EPROM 


(UV erasable) 


PLCC = plastic leaded chip carrier 
LCC = ceramic leadless chip carrier (with window) 
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Pin Configurations 


84-Pin PLCC and LCC 


82 1] REFRO 
81) RESET 


PO7/CLKOUT [J 12 


PT4 
PT3 
PT2 
PT1 
PTO 


P17/READY 
P1¢/SCKO 
P15/TOUT 
P1q4/INT/POLL 
P13/INTP2/INTAK 
P12/INTP1 
P14/INTPO 


P1p/NMI 
P27/HLDRQ 
P2¢6/HLDAK 
P25/TCi 
P24/DMAAK1 
P23/DMARQ1 


RxD1 £7 45" 
P22/TCO C] 52 


P29/DMARQO (_] 48 
P24/DMAAKO [] 51 


*Pin functions for normal operation of the .PD70P322 
are changed as follows for programming. 


Pin No. Symbol Function 

3 Vpp Write power supply input 

45 OE Output enable signal 
input 

46 CE Chip enable signa! input 





83-003960B 


4uPD70320/322 (V25) 


C 


94-Pin Plastic QFP 








- 









































P21/DMAAKO [3 21 
P22/TCO LJ 23 





P29/DMARQO (] 17 


Ze, Advay/étd 

9¢ 17] ODS/91d 

se [D0 LNOL/Std 

pe [] W10d/LNI/? ld 

c€ F) MWLNI/2d.LNI/Eld 
ze (J bd LNI/2Ld 

te 7 Od. LNI/HEd 

o¢ [J] INN/OLd 

6z 1] ONGIH/Zed 

82 1) MVGTH/92d 








227] LOL/Sed 


9z F Lavwwa/ted 
s¢ CL] LOUVNNG/E2%d 
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Pin identification 


P14-Pto/ 
INTPO-INTP1 


P13/INTP2/INTAK 


P14/INT/POLL 


P1s/TOUT 
P1g/SCKO 
P17/READY 
P2/DMARQO 
P2,/DMAAKO 
P2o/TCO 
P23/DMARQ1 
P24/DMAAK1 
P2s/TC1 
P2¢/HLDAK 
P27/HLDRQ 
PTO-PT7 
REFROQ 
RESET 

RxDO 

RxD1 

R/W 

TxD0 

TxD1 

X1, X2 

Vpp 

VTH 

GND 

IC 


Function 
Address bus outputs 
System clock output 
Clear to send channel 0 input 
Clear to send channel 1 input 
Bidirectional data bus 
External access 
1/0 strobe output 
Memory request output 
Memory strobe output 
1/0 port 0 


Port 1 input line/Nonmaskable 
interrupt input 


Port 1 input lines/External 
interrupt input lines 


Port 1 input line/External 
interrupt input line/Interrupt 
acknowledge output 


1/0 port 1/\Interrupt request input/ 
1/0 poll input 


1/0 port 1/Timer out 

1/0 port 1/Serial clock out 
1/0 port 1/Ready input 
1/0 port 2/DMA request 0 


- 1/0 port 2/DMA acknowledge 0 


1/0 port 2/DMA termina! count 0 

1/0 port 2/DMA request 1 

1/0 port 2/DMA acknowledge 1 

1/0 port 2/DMA terminal count 1 

1/0 port 2/Hold acknowledge output 
1/0 port 2/Hold request input 
Comparator port input lines 

Refresh pulse output 

Reset input 

Serial receive data, channel 0 input 
Serial receive data, channel 1 input 
Read/Write output 

Serial transmit data, channel 0 output 
Seriai transmit data, channel 1 output 
Crystal connection terminals 

Positive power supply voltage 
Threshold voltage input 

Ground 

internal connection 
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Pin Functions 

Ao-Aig [Address Bus] 

Ao-Aig is the 20-bit address bus used to access all 
external devices. 

CLKOUT [System Clock] 

This is the internal system clock. It can be used to 
synchronize external devices to the CPU. 

CTSn, RxDn, TxDn, SCKO [Clear to Send, 
Receive Data, Transmit Data, Serial Clock Out] 


The two serial ports (channels 0 and 1) use these lines 
for transmitting and receiving data, handshaking, and 
serial clock output. 


Do-D7 [Data Bus] . 

Do-D7 is the 8-bit external data bus. 

DMARQn, DMAAKn, TCn [DMA Request, DMA 
Acknowledge, Terminal Count] 

These are the control signals to and from the on-chip 
DMA controller. 

EA [External Access] 


If this pin is low on reset, the yvPD70322 will execute 
program code from external memory instead of from 
internal ROM. 


HLDAK [Hold Acknowledge] 


The. HLDAK output (active low) informs external 
devices that the CPU has released the system bus. 


HLDRQ [Hold Request] 


The HLDRQ input (active high) is used by external 
devices to request the CPU to release the system bus to 
an external bus master. The following lines go into a 
high-impedance state with internal 4.7-kQ pullup 
resistors: Ap-Ayg, Dp-D7, MREQ, R/W, MSTB, REFRQ, 
and IOSTB. 
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INT [Interrupt Request] 


INT is a maskable, active-high, vectored interrupt 
request input. After assertion, external hardware must 
provide the interrupt vector number. 


INTAK [Interrupt Acknowledge] 


After INT is asserted, the CPU will respond with INTAK 
(active low) to inform external devices that the interrupt 
request has been granted. 


_INTPO-INTP2 [External Interrupt] 


INTPO-INTP2 allow external devices to generate inter- 
rupts. Each can be programmed to be rising or falling 
edge triggered. 


IOSTB [I/O Strobe] 


IOSTB is asserted during read and write operations to 
external 1/O. 


MREQ [Memory Request] 


MREQ (active low) informs external memory that the 
current bus cycle is a memory access bus cycle. 


MSTB [Memory Strobe] 


MSTB (active low) is asserted during read and write 
operations to external memory. 


NMI [Nonmaskable Interrupt] 


NMI cannot be masked through software and is typi- 
cally used for emergency processing. Upon execution, 
the interrupt starting address is obtained from interrupt 
vector number 2. NMI can release the standby modes 
and can be programmed to be either rising or falling 
edge triggered. 


P09-P07 [Port 0] 


PQ -P07 are the lines of port 0, an 8-bit bidirectional 
parallel 1/O port. 


P19-P17 [Port 1] 


The status of P19-P13 can be read but these lines are 
always control functions. P14-P17 are the remaining 
lines of parailel port 1, each line individually program- 
mable as either an input, an output, or a control 
function. 


P29-P27 [Port 2] 


P29-P27 are the lines of port 2, an 8-bit bidirectional I/O 
port. The lines can also be used as control signals for 
the on-chip DMA controller. 
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POLL [Poll] 


Upon execution of the POLL intruction, the CPU 
checks the status of this pin and, if low, program 
execution continues. If high, the CPU will check the 
level of the line every five clock cycles until it is low. 
POLL can be used to synchronize program execution 
to external conditions. 


PT0O-PT7 [Comparator Port] 
PTO-PT7 are inputs to the analog comparator port. 


READY [Ready] 


After READY is de-asserted low, the CPU will synchro- 
nize and insert at least two wait states into a read or 
write cycle to memory or !/O. This allows the processor 
to accommodate devices whose access times are 
longer than normal execution allows. 


REFRQ [Refresh] 


This active-low output pulse can refresh nonstatic 
RAM. It can be programmed to meet system specifica- 
tions and is internally synchronized so that refresh 
cycles do not interfere with normal CPU operation. 


RESET [Reset] 


A low on RESET resets the CPU and all on-chip 
peripherals. RESET can also release the standby 
modes. After RESET returns high, program execution 
begins from address FFFFOH. 








-R/W [Read/Write] 


An R/W output allows external hardware to determine 
if the current operation is a read or write cycle. It can 
also control the direction of bidirectional buffers. 


TOUT [Timer Out] 

TOUT is the square-wave output signal from the 
internal timer. 

X1, X2 [Crystal Connections] 


The internal clock generator requires an external 
crystal across these terminals as shown in figure 36. 
By programming the PRC register, the system clock 
frequency can be selected as the oscillator frequency 
(fosc) divided by 2, 4, or 8. 


Vpp [Power Supply] 


Two positive power supply pins (Vpp) reduce internal 
noise. 
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VtH [Threshold Voltage] GND 


The comparator port uses this pin to determine the | Two ground connections reduce internal noise. 
analog reference point. The actual threshold to each 
comparator line is programmable to V74xn/16, where IC [Internal Connection] 


n= 1 tors. All\C pins should be together and pulled up to Vpp with 


a 10K-20K resistor. 


Stag- | Stag- 
ing ing P 
Latch } Latch 


Block Diagram 































































P29/DMARQO ies i 
P24/DMAAKO Program- 
P22/TCO Teak 
P23/DMARQ1 Controller 
P24/DMAAK1 
P25/TC1 
TxDO 
RxDO Serial 
P1g/SCKO —>| Comm 
GTS0 Interface 
TxD1 
RxD1 Baud Rate 
CTSi —>||_ Generator 
Int ROM HUDAK/P2g 
P1o/NMI 16K Bytes F HLDRQ/P27 
P11/INTPO oer 256 Bytes 3 READY/P17 
pig /iNTPI - GR ‘aes 
Interrupt e Macro 5 MREQ 
P13/INTP2/INTAK Controller Service 5 Ww 
P414/INT/POLL Channel r = 
2 jOSTB 


instruction Decoder 
Micro Sequencer 
Micro ROM 


x1 








Clock 
Generator 


POLL/INT/P14 


D7-Do 













Port with 
Comparator 





16-Bit Timer. Time Base Counter 








TOUT/P15 REFRQ CLKOUT/P07 Po Py P2 PTO-PT7 VTH 
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Functional Description 
Architectural Enhancements 


The following features enable the u~PD70320/322 to 
perform high-speed execution of instructions: 


e Dual data bus 

e 16-/32-bit temporary registers/shifters (TA, TB, 
TA + TB) 

e 16-bit loop counter (LC) 

e Program counter (PC) and prefetch pointer (PFP) 

e Internal ROM pass bus (uPD70322 only) 


Dual Data Bus. The wPD70320/322 has two internal 
16-bit data buses: the main data bus and a subdata bus. 
This reduces the processing time required for addition/ 
subtraction and logical comparison instructions by 
one-third over single-bus systems. The dual data bus 
method allows two operands to be fetched simulta- 
neously from the general-purpose registers and 
transferred to the ALU. 


16-/32-Bit Temporary Registers/Shifters. The 16-bit 
temporary registers/shifters (TA, TB) allow high-speed 
execution of multiplication/ division and shift/rotation 
instructions. By using the temporary registers/shifters, 
the wPD70320/322 can execute multiplication/division 
instructions about four times faster than with the 
microprogramming method. 


Figure 1. Register Banks in Internal RAM 


Bank 7 
32 bytes 


XXE40H 


XXE20H 
Bank 0 


AXEOOn Internal RAM 
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Loop Counter [LC]. The dedicated hardware loop counter 
counts the number of loops for string operations and 
the number of shifts performed for multiple bit shift/ 
rotation instructions. The loop counter works with 
internal dedicated shifters to speed the processing of 
multiplication/division instructions. 


Program Counter and Prefetch Pointer [PC and PFP]. 
The hardware PC addresses the memory location of 
the instruction to be executed next. The hardware PFP 
addresses the program memory location to be accessed 
next. Several clocks are saved for branch, call, return, 
and break instructions compared with processors 
having only one instruction pointer. 


Internal ROM Pass Bus. The uPD70322 features a 
dedicated data bus between the internal ROM and the 
instruction pre-fetch queue. This allows internal ROM 
opcode fetches to be performed ina single clock cycle 
(200 ns at 5 MHz); it also makes it possible for opcode 
fetches to be performed while the external data bus is 
busy. This feature gives the V25 a 10-20% performance 
increase when executing from the internal ROM. 


Register Set 


Figure 1 shows the wPD70320/322 has eight banks of 
registers functionally mapped into internal RAM. Each 
bank contains general-purpose registers, pointer and 
index registers, segment registers, and save areas. 


Data Register 


Index Register 


CW 
IY 


Eee 
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General-Purpose Registers [AW, BW, CW, DW]. There 
are four 16-bit general-purpose registers that can each 
serve as individual 16-bit registers or two independent 
8-bit registers (AH, AL, BH, BL, CH, CL, DH, DL). The 
following instructions use the general-purpose registers 
for default: 


AW Word multiplication/division, word I/O, data 
conversion 


AL Byte multiplication/division, byte |1/O, BCD 
rotation, data conversion, translation 


AH _ Byte multiplication/division 
BW Translation 
CW Loop control branch, repeat prefix 


CL Shift instructions, rotation instructions, BCD 
operations 


DW Word multiplication/division, indirect address- 
ing I/O 


Pointers [SP, BP] and Index Registers [1IX, lY]. These 
registers are used as 16-bit base pointers or index 
registers in based addressing, indexed addressing, 
and based indexed addressing. The registers are used 
as default registers under the following conditions: 


SP Stack operations 


IX Block transfer (source), BCD string opera- 
tions 


lY Block transfer (destination), BCD string 
operations 


Segment Registers. The segment registers divide the 
1M-byte address space into 64K-byte blocks. Each 
segment register functions as a base address to a 
block; the effective address is an offset from that base. 
Physical addresses are generated by shifting the asso- 
ciated segment register left four binary digits and then 
adding the effective address. The segment registers 
are: 


Default Offset 


PS (Program segment) PC 

SS (Stack segment) SP, Effective address 
DSO (Data segment-0) IX, Effective address 
DS1 (Data segment-1) IY, Effective address 


Segment Register 


Save Registers. Save PC and Save PSW are used as 
save areas during register bank context switching. The 
Vector PC save location contains the effective address 
of the interrupt service routine when register bank 
switching is used to service interrupts. 
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Program Counter [PC]. The PC is a 16-bit binary 
counter that contains the offset address from the 
program segment of the next instruction to be executed. 
It is incremented every time an instruction is received 
from the queue. It is loaded with a new location 
whenever a branch, call, return, break, or interrupt is 
executed. 


Program Status Word [PSW]. The PSW contains the 
following status and control flags. 


15 PSW 8 
[+ [ree [ne [ wee] v | om[ © | ork 


7 ; 0 
Ps[2z [Le [ae] ro]? [omy ov] 


Status Flags Control Flags 


V Overflow bit DIR __— Direction of string 
S Sign processing 
Z Zero 1E Interrupt enable 
AC Auxiliary carry Brak sini evely 
ie ea RBn Current register 
CY Carry: bank flags 
BRKI_ 1/O trap enable (see 
software interrupts) 
FO, F1 General-purpose 


user flags (accessed 
through the Flag 
special function 
register) 


The eight low-order bits of the PSW can be stored in 
the A4 register and restored by a MOV instruction 
execution. The only way to alter the RBn bits via 
software is to execute one of the bank switch 
instructions. 
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Memory Map 


The uPD70320/322 has a 20-bit address bus that can 
directly access 1M bytes of memory. Figure 2 shows that 
the 16K bytes of internal ROM (uPD70322 only) 
are located at the top of the address space from FCOO0H 
to. FFFFFH. 


Figure 2 shows the internal data area (IDA) is a 256- 
byte internal RAM area followed consecutively by a 
256-byte special function register (SFR) area. All the 
data and control registers for on-chip peripherals and 
I/O are mapped into the SFR area and accessed as 
RAM. For a description of these functions, see table 6. 
The IDA is dynamically relocatable in 4K-byte incre- 
ments by changing the value in the internal data base 
(IDB) register. Whatever value is in this register will be 
assigned as the uppermost eight bits of the IDA 
address. The IDB register can be accessed from two 
different memory locations, FFFFFH and XXFFFH, 
where XX is the value in the IDB register. 


On reset, the internal data base register is set to FFH 
which maps the IDA into the internal ROM space. 
However, since the uPD70322 has a separate bus to 
internal ROM, this does not present a problem. When 
these address spaces overlap, program code cannot be 
executed from the IDA and internal ROM locations 
cannot be accessed as data. You can select any of the 
eight possible register banks, which occupy the entire 
internal RAM space. Multiple register bank selection 
allows faster interrupt processing and facilitates multi- 
tasking. 


Figure 2. Memory Map 
FFFFFH 
Internal 
FCOO0H 


XXFFFH Special Function 
Registers 


XXFOOH [256 Bytes] 


BREE Internal RAM 


[256 Bytes} 


External 


Area 
XXE00H 


~ 00000H 


1 Mbyte Memory Space 
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In larger-scale systems where internal RAM is not 
required for data memory, the internal RAM can be 
removed completely from the address space and 
dedicated entirely to registers and control functions 
such as macro service and DMA channels. Clearing the 
RAMEN bit in the processor control register achieves 
this. When the RAMEN bit is cleared, internal RAM can 
only be accessed by register addressing or internal 
control processes. Many instructions are executed 
faster when the internal RAM is disabled. 


Instruction Set 


The uPD70320/322 instruction set is fully compatible 
with the V20 native mode instruction set. The V20 
instruction set is a superset of the wPD8086/8088 
instruction set with different execution times and 
mnemonics. 


The wPD70320/322 does not support the V20 8080 
emulation mode. All of the instructions pertaining to 
this have been deleted from the wPD70320/322 in- 
struction set. 


Enhanced Instructions 


In addition to the »PD8086/88 instructions, the 
&uPD70320/322 has the following enhanced instructions. 


Instruction Function 

PUSH imm Pushes immediate data onto stack 

PUSH R Pushes eight general registers onto 
stack _ 

POP R Pops eight general registers from stack 

MUL imm Executes 16-bit multiply of register or 
memory contents by immediate data 

SHLimm8 _ Shifts/rotates register or memory by 

SHRimm8s& immediate value 

SHRA imm8s 

ROL imm8s 

ROR imm8s 

ROLC imm8s 

RORC imms 

CHKIND Checks array index against designated 
boundaries: 

INM Moves a string from an I/O port to 
memory 

OUTM Moves a string from memory to an I/O 
port 

PREPARE Allocates an area for a stack frame and 
copies previous frame pointers 

DISPOSE Frees the current stack frame on a 


procedure exit 
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Unique Instructions 


The wPD70320/322 has the following unique 
instructions. 


Instruction Function — 


INS Inserts bit field 

EXT Extracts bit field 

ADD4S Performs packed BCD string addition 

SUB4S Performs packed BCD string subtraction 

CMP4S Performs packed BCD string 
comparison 

ROL4 Rotates BCD digit left 

ROR4 Rotates BCD digit right 

TEST1 Tests bit 

SET1 Sets bit 

CLR1 Clears bit 

NOT1 Complements bit 

BTCLR Tests bit; if true, clear and branch 

REPC Repeat while carry set 

REPNC. Repeat while carry cleared 


Variable Length Bit Field Operation Instructions 


Bit fields are a variable length data structure that can 
range in length from 1 to 16 bits. The wPD70320/322 
supports two separate operations on bit fields: insertion 
(INS) and extraction (EXT). There are no restrictions 
on the position of the bit field in memory. Separate 
segment, byte offset, and bit offset registers are used 
for insertion and extraction. Following the execution of 
these instructions, both the byte offset and bit offset 
are left pointing to the start of the next bit field, ready 
for the next operation. Bit field operation instructions 
are powerful and flexible and are therefore highly 


Figure 3. Bit Field Insertion 


NEC 


effective for graphics, high-level languages, and packing/ 
unpacking applications. 


Bit field insertion copies the bit field of specified length 
from the AW register to the bit field addressed by 
DS1:lY:reg8 (8-bit general-purpose register). The bit 
field length can be located in any byte register or 
supplied as immediate data. Following execution, both 
the lY and reg8 are updated to point to the start of the 
next bit field. 


Bit field extraction copies the bit field of specified 
length from the bit field addressed by DSO:1X:reg8 to: 
the AW register. If the length of the bit field is less than 
16 bits, the bit field is right justified with a zero fill. The 
bit field length can be located in any byte register or 
supplied as immediate data. Following execution, both 
IX and reg8 are updated to point to the start of the next 
bit field. . ; 


Figures 3 and 4 show bit field insertion and bit field 
extraction. 


Packed BCD Instructions 


Packed BCD instructions process packed BCD data 
either as strings (ADD4S, SUB4S, CMP4S) or byte 
format operands (ROR4, ROL4). Packed BCD strings 
may be 1 to 254 digits in length. The two BCD rotation 
instructions perform rotation of a single BCD digit in 
the lower half of the AL register through the register or 
the memory operand. 


Bit Manipulation Instructions 


The pPD70320/322 has five unique bit manipulation 
instructions. The ability to test, set, clear, or comple- 
ment a single bit in a register or memory operand 
increases code readability as well as performance over 
the logical operations traditionally used to manipulate 
bit data. This feature further enhances control over 
on-chip peripherals. 





| 
Bit length | 
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Byte offset (IY) 





Memory 


Byte boundary Segment base (DS1) 


83-000106B 





NEC 


Figure 4. Bit Field Extraction 


Bit length 
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Additional Instructions 


Besides the V20 instruction set, the uPD70320/322 
has the four additional instructions described in 
table 1. 


Table 1. Additional Instructions 

Instruction Function 

BTCLR var, imm8, Bit test and if true, clear and branch; 
short label otherwise, no operation 

STOP (no operand) Power down instruction, stops oscillator 


RETRBI (no operand) Return from register bank context switch 
interrupt 


FINT (no operand) Finished interrupt. After completion of a 


hardware interrupt request, this instruction 
must be used to reset the current priority 
bit in the in-service priority register (ISPR).* 


*Do not use with NMI or INTR interrupt service routines. 


Repeat Prefixes 


Two new repeat prefixes (REPC, REPNC) allow con- 
ditional block transfer instructions to use the state of 
the CY flag as the termination condition. This allows 
inequalities to be used when working on ordered data, 
thus increasing performance when searching and 
sorting algorithms. 


Bank Switch Instructions 


The V25 has four new instructions that allow the 
effective use of the register banks for software interrupts 
and multitasking. These instructions are shown in 
table 2. Also, see figures 8 and 10. 


Interrupt Structure 


The wPD70320/322 can service interrupts generated 
both by hardware and by software. Software interrupts 
are serviced through vectored interrupt processing. 
See table 3 for the various types of software interrupts. 
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Bit offset Byte offset (IX) 








Byte boundary Segment base (DSO) 
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Table 2. Bank Switch Instructions 


Instruction Function 


BRKCS reg 16 Performs a high-speed software interrupt with 
context switch to the register bank indicated by the 
lower 3-bits of reg 16. This operation is identical to 


the interrupt operation shown in figure 9. 


Performs a high-speed task switch to the register 
bank indicated by the lower 3-bits of reg 16. The PC 
and PSW are saved in the old banks. PC and PSW 
save registers and the new PC and PSW values are 
retrieved from the new register bank’s save areas. 
See figure 10. 


Transfers both the SS and SP of the old register 
bank to the new register bank after the bank has 
been switched by an interrupt or BRKCS instruction. 


TSKSW reg 16 


MOVSPA 


MOVSPB Transfers the SS and the SP of the current register 
bank before the switch to the SS and SP of the new 


register bank indicated by the lower 3-bits of reg 16. 


Table 3. Software Interrupts 


Interrupt Description 

Divide error The CPU will trap if a divide error occurs as the 
result of a DIV or DIVU instruction. 

Single step The interrupt is generated after every instruction if 
the BRK bit in the PSW is set. 

Overflow By using the BRKV instruction, an interrupt can be 
generated as the result of an overflow. 

Interrupt The BRK 3 and BRK imm® instructions can gene- 


instructions rate interrupts. 


The CHKIND instruction will generate an interrupt if 
specified array bounds have been exceeded. 


Array bounds 


Escape trap The CPU will trap on an FP01,2 instruction to allow 
software to emulate the floating point processor. 
1/0 trap If the 1/0 trap bit in the PSW is cleared, a trap 


will be generated on every IN or OUT instruction. 
Software can then provide an updated peripheral 
address. This feature allows software inter- 
changeability between different systems. 
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When executing software written for another system, it 
is better to implement I/O with on-chip peripherals to 
reduce external hardware requirements. However, 
since uPD70320/322 internal peripherals are memory 
mapped, software conversion could be difficult. The 
I/O trap feature allows easy conversion from external 
peripherals to on-chip peripherals. 


Interrupt Vectors 


The starting address of the interrupt processing 
routines may be obtained from table 3. The table 
begins at physical address 00H, which is outside the 
internal ROM space. Therefore, external memory is 
required to service these routines. By servicing inter- 


rupts via the macro service function or context ' 


switching, this requirement can be eliminated. 


Each interrupt vector is four bytes wide. To service a 
vectored interrupt, the lower addressed word is trans- 
ferred to the PC and the upper word to the PS. 
See figure 5. 


Figure 5. Interrupt Vector 0 





PS < (003H, 002H) 
PC — (001H, 000H) 
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Execution of a vectored interrupt occurs as follows: 
(SP-1, SP-2) <- PSW 
(SP-3, SP-4) <- PS 
(SP-5, SP-6) < PC 
SP = SP-6 
lIE~-0, BRK 0 
PS < vector high bytes 
PC =< vector low bytes 


Hardware Interrupt Configuration 


The V25 features a high-performance on-chip con- 
troller capable of controlling multiple processing for 
interrupts from up to 17 different sources (5 external, 
12 internal). The interrupt configuration includes 
system interrupts that are functionally compatible with 
those of the V20/V30 and unique high-performance 
microcontroller interrupts. 
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Table 4. Interrupt Vectors 

Address Vector No. Assigned Use 

00 0 Divide error 

04 1 Break flag 

08 2 NMI 

0c 3 BRK3 instruction 

10 4 BRKV instruction 

14 5 CHKIND instruction 

18 6 General purpose 

1C 7 FPO instructions 

20-2C 8-11 General purpose 

30 12 INTSERO (Interrupt serial error, channel 0) 
34 13 INTSRO (Interrupt serial receive, channel 0) 
38 14 INTSTO (Interrupt serial transmit, channel 0) 
3C 15 General purpose 

40 16 INTSER1 (Interrupt serial error, channel 1) 
44 7 INTSRI1 (Interrupt serial receive, channe! 1) 
48 18 INTST1 (Interrupt serial transmit, channel 1) 
—4C 19 1/0 trap 

50 20 INTDO (Interrupt from DMA, channel 0) 

54 21 INTD1 (Interrupt from DMA, channel 1) 

58 22 General purpose 

5C 23 General purpose 

60 24 INTPO (Interrupt from peripheral 0) 

64 25 INTP1 (Interrupt from peripheral 1) 

68 26 INTP2 (Interrupt from peripheral 2) 

6C 27 General purpose 

70 28 INTTUO (Interrupt from timer unit 0) 

74 29 INTTU1 (Interrupt from timer unit 1) 

78 . 30 INTTU2 (Interrupt from timer unit 2) 

7C 31. INTTB (Interrupt from time base counter) 
080-3FF 32-255 General purpose 
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Interrupt Sources 


The 17 interrupt sources (table 5) are divided into 
groups for management by the interrupt controller. 
Using software, each of the groups can be assigned a 
priority from 0 (highest) to 7 (lowest). The priority of 
individual interrupts within a group is fixed in hardware. 
If interrupts from different groups occur simultaneously 
and the groups have the same assigned priority level, 
the priority followed will be as shown in the Default 
Priority column of table 5. . 


The ISPR is an 8-bit special function register; bits 
PRo-PR;7 correspond to the eight possible interrupt 
request priorities. The ISPR keeps track of the priority 
of the interrupt currently being serviced by setting the 
appropriate bit. The address of the ISPR is XXFFCH. 
The ISPR format is shown below. 


| PR7 | Pe | PRs | PR« | PRo | PRo | PR: | PRo | 


NMI and INTR are system-type external vectored 
interrupts. NMI is not maskable via software. INTR is 
maskable (IE bit in PSW) and requires that an external 
device provide the interrupt vector number. It allows 
expansion by the addition of an external interrupt 
controller (uPD71059). 


Figure 6. Interrupt Mode Register (INTM) 
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NMI, INTPO, and INTP1 are edge-sensitive interrupt 
inputs. By selecting the appropriate bits in the interrupt 
mode register, these inputs can be programmed to be 


either rising or falling edge triggered. ESg-ESo corre- 


spond to INTPO-INTP2, respectively. See figure 6. 


Table 5. Interrupt Sources — 
Interrupt Source 

(Priority Within Group) Default 
Group 2 3 Priority 
Non-maskable interrupt NMI — _ 0 
Timer unit INTTUO INTTU1 INTTU2 1 
DMA controller INTDO «=INTDI = — 2 
External peripheral INTPO = INTP1 = INTP2 3 
interrupt .- 
Serial channel 0 INTSERO INTSRO INTSTO 4 
Serial channel 1 INTSER1 INTSR1 INTST1 5 
Time base counter INTTB _ 6 
Interrupt request INTRO — — 7 


Falling Edge 
Rising Edge 
Falling Edge ; 


Rising Edge 


0 | 
EM 
Lo | 
}1| Risingedge 
Lo | 
hae 
0 | 
EB 
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Interrupt Processing Modes 


Interrupts, with the exception of NMI, INT, and INTTB, 
have high-performance capability and can be pro- 
cessed in any of three modes: standard vector inter- 
rupt, register bank context switching, or macro service 
function. The processing mode for a given interrupt 
can be chosen by enabling the appropriate bits in the 
corresponding interrupt request control register. As 
shown in table 6, each individual interrupt, with the 
exception of INTR and NMI, has its own associated IRC 
register. The format for all IRC registers is shown in 
figure 7. 


All interrupt processing routines other than those for 
NMI and INT must end with the execution of an FINT 
instruction. Otherwise, subsequently, only interrupts 
of a higher priority will be accepted. 


In the vectored interrupt mode, the CPU traps to the 
vector location shown in table 4. 


Figure 7. Interrupt Request Control Registers (IRC) 
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Register Bank Switching 


Register bank context switching allows interrupts to be 
processed rapidly by switching register banks. After an 
interrupt, the new register bank selected is that which 
has the same register bank number (0-7) as the priority 
of the interrupt to be serviced. The PC and PSW are 
automatically stored in the save areas of the new 
register bank and the address of the interrupt routine is 
loaded from the vector PC storage location in the new 
register bank. As in the vectored mode, the IE and BRK 
bits in the PSW are cleared to zero. After interrupt 
processing, execution of the RETRBI (return from 
register bank interrupt) returns control to the former 
register bank and restores the former PC and PSW. 
Figures 8 and 9 show register bank context switching 
and register bank return. 


esl eae 


Highest 


fo | Vectored Interrupt Mode 
Bank Switching 
Macro Service or Interrupt 


pets ! 

| 0 | interrupt 
fexmkn |} interruptMask 
| 0 | Mask Open: Interrupts Enabled | 
|_1 | Mask Closed: Interrupts Disabled _| 
[ xen | 
am 
Ede 


Interrupt Request Flag 
Interrupt Requested 
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Figure 8. Register Bank Context Switching 


Vector PC 


Vector PC 
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Figure 9. Register Bank Return 


RBj 


Vector PC 
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Macro Service Function 


The macro service function (MSF) is a special micro- 
program that acts as an internal DMA controller be- 
tween on-chip peripherals (special function registers, 
SFR) and memory. The MSF greatly reduces the 
software overhead and CPU time that other processors 
would require for register save processing, register 
returns, and other handling associated with interrupt 
processing. 


If the MSF is selected for a particular interrupt, each 
time the request is received, a byte or word of data will 
be transferred between the SFR and memory without 
interrupting the CPU. Each time a request occurs, the 
macro service counter is decremented. When the 
counter reaches zero, an interrupt to the CPU is 
generated. The MSF also has a character search 
option. When selected, every byte transferred will be 
compared to an 8-bit search character and an interrupt 
will be generated if a match occurs or if the macro 
service counter counts out. 


Like the NMI, INT and INTTB, the two DMA controller 
interrupts (INTDO, INTD1) do not have MSF capability. 


There are eight 8-byte macro service channels mapped 
into internal RAM from XXEOOH to XXE3FH. Each 
macro service channel contains all of the necessary 
information to execute the macro service process. 
Figure 11 shows the components of each channel. 


Figure 10. Task Switching 


CURRENT 


IY 


PC Save 


PSW Save 


VPC: Vector PC 
RB: Register bank field 


83-MB005273A 





15 





uPD70320/322 (V25) 


Figure 11. Macro Service Channels 


Up to 3FH | 
XXE08H 


M.S. Channel 0 


Reseived | SCHR 


SFRP XXEOOH [Internal RAM] 


16 Bits ——+| 


MSS = Macro service segment 
MSP = Macro service pointer _ 
SCHR = Search character ° 
SFRP = Special function register pointer 
MSC = Macro service counter .- 
49-001345A 


Setting the macro service mode for a given interrupt 
requires programming the corresponding macro ser- 
vice control register. Each individual interrupt, excilud- 
ing INTR, NMI and TBC, has its own associated MSC 
register. See table 6. Format for all MSC registers is 
shown in figure 12. 


Figure 12. Macro Service Control Registers (MSC) 


* All other combinations are reserved 
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On-Chip Peripherals 
Timer Unit 


The wPD70320/322 (figure 13) has two programmable 
16-bit interval timers (TMO, TM1).on-chip, each with 
variable input clock frequencies. Each of the two 16-bit 
timer registers has an associated 16-bit modulus 
register (MDO, MD1). Timer 0 operates in the interval 
timer mode or one-shot mode; timer 1 has only the 
interval timer mode. 


Interval Timer Mode. In this mode, TMO/TM1 are 
decremented by the selected input clock and, after 
counting out, the registers are automatically reloaded 
from the modulus registers and counting continues. 
Each time TM1 counts out, interrupts are generated 
through TF1 and TF2 (Timer Flags 1, 2). When TMO 
counts out, an interrupt is generated through TFO. 
The timer-out signal can be used as a square-wave 
output whose half-cycle is equal to the count time. 
There are two selectable input clocks ee system. 
clock = fosc/2; fosc = 10 MHz). 


Clock Timer Resolution Full Count 
SCLK/6 1.2 us 78.643 ms 
SCLK/128 1.678 s 


25.6 US 


12 1 0] Macro Service Channel 


Channel.O 


Channel 7 


Transfer Direction 


| 0 | From Memory to SFR 
fa | From SFR to Memory 


Transfer Mode :- 


8-bit Transfer 
16-bit Transfer 
8-bit Transfer with Character Search 
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Figure 13. Timer Unit Block Diagram 


fosc/6 
fosc/128 


fosc/12 
fosc/128 


fosc’é Output 


fosc/12 Control 
fogc/128 


(\ internal Bus 
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One-Shot Mode. In the one-shot mode, TMO and MDO Clock Timer Resolution Full Count 
operate as independent one-shot timers. Starting with SCLK/12 2.4 Us 157.283 ms 
a preset value, each is decremented to zero. At zero, SCLK/128 256 us 1 678 ‘ 


counting ceases and an interrupt is generated by TFO 

(from TMO) or TF1 (from MDO). One-shot mode allows Setting the desired timer mode requires programming 

two selectable input clocks (fogc = 10 MHz). the timer control register. See figures 14 and 15 for 
format. 

Figure 14. Timer Control Register 0 


7 6 5 4 3 2 1 0 








[moni | mono | TimerMode 
| 0 | 0 | intervalTimer Mode 
| o | 1 | oneshotTimerMode 
[a | x | Reserved 
Active Level of Tout 
| 0 | Toyrinitiatievel=0 
| 1 | Tourinitiatievel=1 
| 0 | 
eda 


Enable Timer-Out Signal 


One-shot Mode Modulus Register Clock 
Po fscqi 
| 0__| StopModulusRegisterCount_ 
| 1 | StartModulusRegisterCount_ | 


Ga ete | seathnieaaetaed 
To fo fs | sans | 
To [1 | 0 | scxxirz onechot ode | 
Po fs fs |scnns 
To [Septmer CS 
ze 


Start Timer* 





*Starts and stops TMO in one-shot mode 
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Figure 15. Timer Control Register 1 


TMi Clock Select 
|o | SCLK/6 


SCLK/128 
[o| StopTwi counting 
[1 | StatTMt counting 
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Time Base Counter/Processor Control Register 


The 20-bit free-running time base counter controls 
internal timing sequences and is available to the user 
as the source of periodic interrupts at lengthy intervals. 
One of four interrupt periods can be selected by pro- 
gramming the TBO and TB1 bits in the processor 
control register (PRC). The TBC interrupt is unlike the 
others in that it is fixed as a level 7 vectored interrupt. 
Macro service and register bank switching cannot be 
used to service this interrupt. See figures 16 and 17. 


The RAMEN bit in the PRC register allows the internal 
RAM to be removed from the memory address space to 
implement faster instruction execution. 
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The TBC (figure 18) uses the system clock as the input 
frequency. The system clock can be changed by 
programming the PCKO and PCK1 bits in the processor 
control register (PRC). Reset initializes the system 
clock to fosc/8 (fosc = external oscillator frequency). 


Figure 18. Time Base Counter (TBC) Block Diagram 


49-001348A 


Figure 16. Time Base Interrupt Request Control Register 





Figure 17, Processor Control Register (PRC) 





Time Base Interrupt Mask Bit 
[ij Masked 
Time Base Interrupt Flag ; 


0 | No Interrupt Generated 
4 | Interrupt Generated 
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es 
4 tose 
| tose 
re 


Internal RAM Enable 
| o | Disabled 
| 1 | Enabled 
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Refresh Controller 


The uPD70320/322 has an on-chip refresh controller 
for dynamic and pseudostatic RAM mass storage 
memories. The refresh controller generates refresh 
addresses and refresh pulses. It inserts refresh cycles 
between the normal CPU bus cycles according to 
refresh specifications. 


The refresh controller outputs a 9-bit refresh address 
on address bits Ag-Ag during the refresh bus cycle. 
Address bits Ag-Ajg are all 1’s. The 9-bit refresh 
address is automatically incremented at every refresh 
timing for 512 row addresses. The 8-bit refresh mode 
(RFM) register (figure 19) specifies the refresh opera- 
tion and allows refresh during both CPU HALT and 
HOLD modes. Refresh cycles are automatically timed 
to REFRQ following read/write cycles to minimize the 
effect on system thoughput. 





The following shows the REFRQ pin level in relation to 
bits 4 (RFEN) and 7 (RFLV) of the refresh mode 
register. 


RFEN RFLV REFRQ Level 

0 0 0 

0 1 1 

1 0 0 

1 1 Refresh pulse output 


Serial Interface 


The yPD70320/322 has two full-duplex UARTs, channel 
0 and channel 1. Each serial port channel has a 
transmit line (TxDn), a receive line (RxDn), and a clear 
to send (CTSn) input line for handshaking. Communi- 
cation is synchronized by a start bit, and you can 
program the ports for even, odd, or no parity, character 
lengths of 7 or 8 bits, and 1 or 2 stop bits. 


TheyPD70320/322 has dedicated baud rate generators 
for each serial channel. This eliminates the need to 
obligate the on-chip timers. The baud rate generator 
allows a wide range of data transfer rates (up to 1.25 
Mb/s). This includes all of the standard baud rates 
without being restricted by the value of the particular 
external crystal. 
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Each baud rate generator has an 8-bit baud rate 
generator (BRGn) data register, which functions as a 
prescaler to a programmable input clock selected by 
the serial communication control (SCCn) register. 
Together these must be set to generate a frequency 
equivalent to the desired baud rate. 


The baud rate generator can be set to obtain the 
desired transmission rate according to the following 
formula: 


_ SCLK x 106 
BxXG> one. > 
where B = baud rate 
G = baud rate generator register (BRGn) 
value 


n = input clock specifications (n between 
0 and 8) This is the value that is loaded 
into the SCCn register (see figure 23). 

SCLK = system clock frequency (MHz) 


Based on the above expression, the following table 
shows the baud rate generator values used to obtain 
standard transmission rates when SCLK = 5 MHz. 








Baud Rate n BRGn Value Error (%) 
110 7 178 0.25 
150 7 130 0.16 
300 6 130 0.16 
600 5 130 0.16 
1200 4 130 0.16 
2400 3 130 0.16 
4800 2 130 0.16 
9600 1 130 0.16 
19,200 0 130 0.16 
38,400 0 65 0.16 
1.25M 0 2 0 


E : UPD70320/322 (V25) 
Figure 19. Refresh Mode Register (RFM) 


7 6 5 4 3 2 1 0 
pe | 


Refresh Cycle Speed ; 
Refresh Period 


128/SCLK 


Refresh Cycle Wait States 
Number of Wait States 


| setesr tn fty _ 


Refresh level output 
to RFSH pin when RFEN = 0 
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In addition to the asynchronous mode, channel 0 hasa 
synchronous I/O interface mode. In this mode, each bit 
of data tranferred is synchronized to a serial clock 
(SCKO). This is the same as the NEC wCOM75 and 
uUCOM87 series, and allows easy interfacing to these 
devices. Figure 20 is the serial interface block diagram; 
figures 21, 22, and 23. show the three serial communica- 
tion registers. ' 





Figure 20. Serial Interface Block Diagram 


Channel 0 


Baud Rate 
Generator 


Channel! 1 


Baud Rate 
Generator 
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Figure 21. Serial Communication Mode Register (SCM) 


7 6 5 4 3 2 1 0 
maby [me | pervs | enrvo [curex [sunscx] wor | woo 


'/O interface [Note 1] 


Stop Bit Length/Rcv Clik [Note 3] 


| 0 | 4 Stop Bit/Ext Clk [input on CTSO} 


2 Stop Bits/Int Clk [output on CTSO 


Char Length/Trans Shift Clk [Note 3] 


| 0 | 7 Bits/No Effect 
4 | 8 Bits/Trigger Transmit 


P 
Haieal Parity Control 


Boul 
| 9 | 
Lo | 1] oParity(Note2) | 
a 
Ea 





Odd Parity 
Receiver Control 
| 0 | Disable 
Transmitter Control 
| 0 | Disable 
Notes: 
{1] Only Channel 0 has I/O interface mode. 
[2] When 0 parity is selected, the parity is 0 


during transmit and is ignored during receive. 
[3] Applies only to I/O interface mode. 
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Figure 22. Serial Communication Error Registers (SCE) 
7 6 5 4 3 2 1 0 
pro | oo | oe | o | o | er | ene | eno | 


Overrun Error Flag 


Overrun has occurred 


Overrun has not occurred 


Stop bit not detected 


je |= | 


RxD Line = 1 


RxD Line = 0 
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Figure 23. Serial Communication Control Register (SCC) 





*All other combinations after 1000 are illegal 


DMA Controller 


The uPD70320/322 has a two-channel, on-chip DMA 
controller. This allows rapid data transfer between 
memory and auxiliary storage devices. The DMA con- 
troller supports four modes of operation, two for 
memory-to-memory transfers and two for transfers 
between I/O and memory. See figures 24, 25, and 26 for 
a graphic representation of the DMA registers. 


Memory-to-Memory Transfers. In the single-step mode, 
‘when one DMA request is made, execution of one 
instruction and one DMA transfer are repeated alter- 
nately until the prescribed number of DMA transfers 
has. occurred. Interrupts can be accepted while in this 
mode. In burst mode, one DMA request causes DMA 
transfer cycles to continue until the DMA terminal 
counter decrements to zero. Software can also initiate 
memory-to-memory transfers. 


Figure 24. DMA Channels 


Channel 1 


TCO 


Channel 0 


XXEOOH 


}+———16 Bits 


d 
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Input clock for baud 
rate generator 
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Transfers Between I/O and Memory. In single-transfer 
mode, one DMA transfer occurs after each rising edge 
of DMARQ. After the transfer, the bus is returned to the 
CPU. In demand release mode, the rising edge of 
DMARQ enables DMA cycles, which continue as long 
as DMARQ is high. 


In all modes, the TC (terminal count) output pin will 
pulse low anda DMA completion interrupt request will be 
generated after the predetermined number of DMA 
cycles has been completed. 


The bottom of internal RAM contains all the necessary 
address information for the designated DMA channels. 
The DMA channel mnemonics are as follows: 


TC Terminal counter 
SAR Source address register 


SARH Source address register high 
DAR Destination address register 
DARH Destination address register high 


The DMA controller generates physical source 
addresses by offsetting SARH 12 bits to the left and 
then adding the SAR. The same procedure is also used 
to generate physical destination addresses. You can 
program the controller to increment or decrement 
source and/or destination addresses independently 
during DMA transfers. 


When the EDMA bit is set, the internal DMARQ flag is 
cleared. Therefore, DMARQs are only recognized after 
the EDMA bit has been set. 


See Execution Clock Counts for Operation and Bus 
Controller Latency tables for DMA latency and transfer 
rate information. 
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Figure 25. DMA Mode Registers (DMAM) 


fo} Nocfet Cid 

fi | tiggeroma 
Enable DMA [Note 2] 

fo | DisablepbMA 


Byte Transfers 


Word Transfers 


DMA Mode 


Single Step (Mem to Mem) 


| Dy | Mp | 

fm he | 

| 9 | + | Demand Release (1/0 to Mem) | 
| 1 | 0 | Demand Release (Mem to 1/0) | 
pa ft | Reserved 
po | 0 | 
0 ayia 
aes 
ets 
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Notes: 

[1] Valid only during single-step and burst 
modes. 

[2] Cleared when TC =0; cleared when DMA 
transfer is aborted by NMI. 


1 


1 





Figure 26. DMA Address Control Registers (DMAC) 


Source Address Increment/Decrement Control 


Source Address not 
Incremented/Decremented 
Increment Source Address 
Decrement Source Address 


Source Address not 
Incremented/Decremented 


Destination Address Increment/Decrement Control 


Destination Address not 
Incremented/Decremented 


Increment Destination 
Address 


Decrement Destination 
Address 


Destination Address not 
Incremented/Decremented 


_ 


49-001391B 
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Parallel Ports Use the associated port mode and port mode control 


The uPD70320/322 has three 8-bit parallel /O ports: '@9!Sters to select the mode for a given I/O line. 
PO, P1, and P2. Refer to figures 27 through 31. Special 

function register (SFR) locations can access these 

ports. The port lines are individually programmable as 

inputs or outputs. Many of the port lines have dual 

functions as port or control lines. 


Figure 27. Port Mode Registers 0 and 2 (PM0, PM2) 





Input or 0 | Output Port Mode 
Output Bit 
Selection t Input Port Mode 


49-001377B 


n=7,6,5, or 4 
83-004537B 





Figure 29. Port Mode Control Register 0 (PMCO) 


Port orContro! | 0 | Port Mode 
Bi Selection _[ 1 | cukour _ | 
CLKOUT 
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Figure 30. Port Mode Control Register 1 (PMC1) 


7 6 5 4 3 2 1 0 


INTAK Output 


PSCKO Outpt SSCS 
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Figure 31. Port Mode Control Register 2 (PMC2) 


7 6 5 4 3 2 1 0 


DMAAK1 Output 


1/O Port 


TC1 Output 
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The analog comparator port (PT) compares each input 
line to a reference voltage. The reference voltage is 
programmable to be the Vy} input x n/16, where n= 1 
to 16. See figure 32. 


Programmable Wait State Generation | 


You can generate wait states internally to further 
reduce the necessity for external hardware. Insertion 
of these wait states allows direct interface to devices 
whose access times cannot meet the CPU read/write 
timing requirements... 


When using this function, the entire 1M-byte memory 
address space is divided into 128K-blocks. Each block 
can be programmed for zero, one, or two wait states, or 
two plus those added by the extenal READY signal. 
The top two blocks are programmed together as one 
unit. 


The appropriate bits in the wait control word (WTC) 
control wait state generation. Programming the upper 
two bits in the wait control word will set the wait state 
conditions for the entire I/O address space. Figure 33 
shows the memory map for programmable wait state 
generation; see figure 34 for a graphic representation 
of the wait control word. 


Figure 32. Port Mode Register T (PMT) 





NEC 


Figure 33.. Programmable Wait.State Generation. 


FFFFFH | 


C0000H 


40000H 


20000H 


oH 128K 
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FoTofofo] vmxwne 
Fofofo[s| vraxme 
Fofo[+ fo] vmxne 
Fofof+ [+ | vxans 
fof Popo] vixens 
Fofsfofs | vmxsne 
Fofr[+ fo] vixens 
Fore [ [vrs 
re fofo fo] veers 
ri fofofs| vrmxene 
Pe fof+ fo] vane 
for ps| vrais 
Affe fo vrais 
pep vane 
ET fo | vreiane +d 
GoD | vere 


49-001381B 


NEC 


Standby Modes 


The two low-power standby modes are HALT and 
STOP. Software causes the processor to enter either 
mode. 


HALT Mode. 


In the HALT mode, the processor is inactive and the 
chip consumes much less power than when opera- 
tional. The external oscillator remains functional and 
all peripherals are active. Internal status and output 
port line conditions are maintained. Any unmasked 
interrupt can release this mode. In the Ei state, inter- 
rupts subsequently will be processed in vector mode. 
In the DI state, program execution is restarted with the 
instruction following the HALT instruction. 


Figure 34. Wait Control Word 


Wait Control High 


7 6 5 4 3 2 1 0 
| 101 | 100 BLK61 BLK60 BLK51 BLKS0O BLK41 BLK40 


Wait Control Low 


7 6 5 4 3 2 1 0 
BLK31 BLK30 BLK21 BLK20 BLK11 BLK10 BLKOt BLKOO 
Pea2 SERA ors Bin oie ee ee ee oe 





Figure 35. Standby Register 
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STOP Mode. 


The STOP mode allows the largest power reduction 
while maintaining RAM. The oscillator is stopped, 
halting all internal peripherals. Internal status is main- 
tained. Only a reset or NMI can release this mode. 


A standby flag in the SFR area is reset by rises in the 
supply voltage. Its status is maintained during normal 
operation and standby. The STBC register (figure 35) 
is not initialized by RESET. Use the standby flag to 
determine whether program execution is returning 
from standby or from a cold start by setting this flag 
before entering the STOP mode. 


Peck | euKno | wose 
Po to | Nowate 
a a kr ee 
Ce Ce 
es se 
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Standby Flag 
No changes in supply voltage (standby) 
| 0 | Rising edge on supply voltage (cold start) 


49-001396B 
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Special Function Registers 


Table 6 shows the special function register mnemonic, 
type, address, reset value, and function. The 8 high- 
order bits of each address (xx) are specified by the IDB 
register. 


SFR area addresses not listed in table 6 are reserved. If 
read, the contents of these addresses are undefined, 
and any write operation will be meaningless. 


Table 6. Special Function Registers 





Name 
PO 
PMO 
PMCO 
P1 
PM1 
PMC1 
P2 
PM2 
PMC2 
PT 
PMT 
INTM 
EMSO 


EMS1 


EMS2 


EXICO 


EXIC1 


EXIC2 


Notes: 


Byte/ 
Word 


oo 


Dy) DW] OPmM| VB voi viI ojpojyni oo 


B 


Address 
xxFO0H 
xxFO1H 
xxF02H 
XxFO8H 
xxFO9H 
xxFOQAH 
xxF10H 
XXxF11H 
XXxF12H 
XxF38H 
XXF3BH 
xxF40H 
XxF44H 


xXxF45H 


XxF46H 


xxF4CH 


xxF4DH 


XXF4EH 


Reset 
Value 
{Note 2) 


FFH 
00H 


FFH 
00H 


FFH 
00H 


00H 
00H 


47H 
47H 


47H 


R/W 
(Note 1) 


R/W 


R/W 
R/W 
R/W 


R/W 
R/W 
R/W 
R/W 


R/W 


Function 
Port 0 
Port mode 0 
Port mode control 0 
Port 1 
Port mode 1 
Port mode control 1 
Port 2 
Port mode 2 
Port mode control 2 
Port T 
Port mode T 
Interrupt mode 


External interrupt 
macro service 0 


External interrupt 
macro service 1 


External interrupt 
macro service 2 


External interrupt 
control 0 


External interrupt 
control 1 


External interrupt 
control 2 


(1) Indicates if register is available for read/write operations. 


(2) Reset values not specified are undefined. 
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Reset 

Byte/ Value 
Name Word Address [Note 2) 
RXBO B xxF60H 
TXBO B XxF62H 
SRMSO B XxF65H 
STMS1. B xxF66H 
SCMO- 8B xxF68H 00H 
Scco B XxF69H 00H 
BRGO B xxF6AH 00H 
SCEO B XxF6BH 00H 
SEICO B xxF6CH 47H 
SRICO =i xxF6DH 47H 
STICO. =OiBB XxxF6EH 47H 
RXB1 B xxF70H 
TXB1 B XxF72H 
SRMS1 B XxF75H 
STMS1 B xxF76H 
SCM1 B XxF/78H 00H 
$cC1 B xxF79H 00H 
BRG1 B XxF7AH QOH 
SCE1 B xxF7BH 00H 
SEIC1 B xxF7CH 47H 
SRIC1 B xxF7DH 47H 
STici B xxF7EH 47H 
TMO W xxF80H 
TMOL B XxF80H 
TMOH B xxF81H 
MDO W XxF82H 


R/W 
{Note 1} 


R 
W 
R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 
R/W 
R/W 
R/W 


NEC 


Function 
Receive buffer 0 
Transfer buffer 0 


Serial receive 
macro service 0 


Serial transmit 
macro service 1 


Serial communication 
mode 0 


Serial communication 
control 0 


Baud rate generator 0 


Serial communication 
error 0 


Serial error interrupt 
control 0 


Serial receive interrupt 
control 0 


Serial transmit interrupt 
control 0 


Receive buffer 1 
Transmit buffer 1 


Serial receive macro 
service 1 


Serial transmit macro 
service 1 


Serial communication 
mode 1 


Serial communication 
control 1 


Baud rate generator 
register 1 


Serial communication 
error 1 


Serial error interrupt 
control 1 


Serial receive interrupt 
control 1 


Serial transmit interrupt 
control 1 


Timer register 0 
Timer register 0 low 
Timer register 0 high 
Modulo register 0 
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Table 6. Special Function Registers (cont) 


Name 
MDOL 
MDOH 
TM1 
TMIL 
TM1H 
MD1 
MD1L 
MD1H 
TMCO 
TMC1 
TMMS0 
TMMS1 
TMMS2 
TMICO 
TMIC1 
TMIC2 
DMACO 
DMAMO 
DMAC1 


DMAM1 


DICO 
DICI 
SB 
RFM 
WTC 
WTCL 
WTCH 
FLAG 
PRC 
TBIC 
ISPR 
IDB 


Byte/ 
Word Address 


B xxF82H 
XxF83H 
XxF88H 
XXF88H 
XXF89H 
xxF8AH 
xxF8AH 
xxF8BH 
xXF90H 
XxF91H 
xxF94H 
XXxF95H 
xxF96H 
xxF9CH 
xxF9DH 
XxF9EH 
XXxFAOH 
XxFA1H 
XxFA2H 


xXxFA3H 


XXFACH 
xXxFADH 
XXFEOH 
xxFE1H 
XXxFE8H 
xXxFE8H 
xxFE9H 
XXFEAH 
XXxFEBH 
XXFECH 
XXxFFCH 


XxFFFH 
FFFFFH 


wa\|n|o|(a(aolaloals|a\alu\|o 


Reset 
Value 
(Note 2) 


00H 
00H 


47H 
47H 
47H 


00H 


00H 


47H 
47H 


10H 
FFH 
FFH 
FFH 
00H 
4EH 
47H 


R/W 


(Note 1) 


R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 


R/W 


R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R 

R/W 


Function 
Modulo register 0 low 
Modulo register 0 high 
Timer register 1 
Timer register 1 low 
Timer register 1 high 
Modulo register 1 
Modulo register 1 low 
Modulo register 1 high 
Timer control 0 
Timer control 1 
Timer macro service 0 
Timer macro service 1 
Timer macro service 2 
Timer interrupt control 0 
Timer interrupt control 1 
Timer interrupt control 2 
DMA control 0 
DMA mode 0 
DMA control 1 


DMA mode 1 


DMA interrupt control 0 
DMA interrupt control 4 
Standby control 
Refresh mode 

Wait control 

Wait control low 

Wait control high 

Flag register 

Processor control 

Time base IRC register 
In service priority register 
Internal data area base 
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Absolute Maximum Ratings 


Ta = 25°C 

Supply voltage, Vpp 
Input voitage, V; 
Output voltage, Vo 
Threshold voltage, Vt 


Output current, low; Io. 
Each output pin 
Total 


—0.5 to +7.0V 





—0.5 to Vpp + 0.5 V (< +7.0V) 








Output current, high; Igy 
Each output pin 
Total 





Operating temperature range, Topr 


—0.5 to Vpp + 0.5 V (< +7.0 V) 
—0.5 to Vpp + 0.5 V (<+7.0V) 


40 mA 
50 mA 


—2.0 mA 
—20 mA 


—40 to +85°C 





Storage temperature range, TsTg 


—65 to +150°C 


Comment: Exposure to Absolute Maximum Ratings for extended 
periods may affect device reliability; exceeding the ratings could 


cause permanent damage. 


DC Characteristics 
Vpp = +5 V £10%; Ta = —10 to +70°C (Note 1) 











Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 
Supply current, = Ippq__ 43. 100 mA fork =5 MHz 
operating 58 «120 mA foLK =8 MHz 
Supply current, — Ippo 7 40) =mA_ fork =5 MHz 
HALT mode 21. 50 mA fo_x = 8 MHz 
Supply current, —Ipp3 10 30 wA 
STOP mode 
Threshold current Iyy 0.5 10 mA Vry=0to Vpp 
Input voltage, VIL 0 08 V 
low 
Input voltage, Vin1 2.2 Vpp V_ Allinputs except 
high RESET, P1g/NMI, 

X1, X2 

Vine 0.8 x Vpp V__ RESET, P1o/NMI, 
Vop X1, X2 

Output voltage, VoL 045 Vi Ip, =16mA 
low 
Output voltage, Voy Vop Vo loy =—0.4mA 
high — 1.0 
Input current lin +20 pA EA, P1o/NMI; 

V, =0 to Vpp 
Input leakage Ih +10 wA All except EA, 
current P1o/NMI; 

V, = 0 to Vpp 
Output leakage —|19 +10 pA Vo=0to Vpp 
current 
Data retention VpppR 2.9 55 V 
voltage 
Notes: 


(1) The standard operating temperature range is —10 to +70°C. 
However, extended temperature range parts (—40 to +85 °C) are 


available. 
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Supply Current vs Clock Frequency - AC Characteristics 
Vpp = +5 V £10%; Ta = —10 to +70°C; C, = 100 pF (max) 

















Limits Test 
Parameter Symbol Min Max Unit Conditions 
Vpp tise, tayo: tevp 200 us STOP mode 
fall time 
Input rise, tip, tig 20 ns Except X1, X2, 
fall time ET, NMI 
Input rise, tins, ties 30 ns RESET, NMI 
fall time (Schmitt) 
Output rise, tor, tor 20 ns Except CLKOUT 
fall time 
X1cycletime —teyy 98 250 ns Note 3 
62 250 ns Note 4 
X1 width, low twxt 35 ns Note3 
20 ns Note 4 
X1 width, high = twxn 35 ns Note3 
20 ns Note 4 
X1 rise, tyr, tyr 20 ns 
fall time 
CLKOUT cycle tcyx 200 2000 ns Note3 
ome 125 2000s Note4 
CLKOUT width, ty. 0.5T — 15 ns Note 1 
feLk [MHz] low 
CLKOUT width, tywxy 0.5T — 15 ns 
high 
Comparator Characteristics CLKOUT rise, txp, tke eqs 
Vpp = +5 V +10%; Ta = —10 to +70°C fall time 
. Limits Test Address delay  tpxa 15 90 ns 
Parameter Symbol Min Max — Unit Conditions time 
Accuracy VAcomp +100 mV a“ hold tHMA 0.5T — 30 ns 
OO time 
Threshold voltage Vy} 0 Vpp V - 
+0. Address valid to tpapr T(n + 1.5) ns Note 2 
; - input data valid — 90 
Comparison time tcomp 64 65 tcyx = 
MRED to data tore T(n+ 1) :ns 
PT input voltage = Vipy 0. Vpp V delay —75 
. fa aa MSTB todata tpwsp T(n + 0.5) ns 
Capacitance Characteristics delay . —% 
Vpp = 0 V; Ta = 25°C MREQ to MSTB_ tpams 05T  O05T ns 
Limits Test delay —35 +35 
Parameter Symbol Min Max Unit Conditions _ width, = twMRL T(n a ns 
Input capacitance C, 10 pF f,=1 MHz; REUSED ; 
Se ; nput data ho ns 
Output capacitance Co 20. pF eel ety a rhe ne 
1/0 capacitance Cio 20 —sopF Next control ts¢o T-25 ns 
setup time 
Notes: 


(1) T = CPU clock period (tcy«). 

(2) n=number of wait states inserted. 

(3) For 5 MHz parts (uPD70320/322). 

(4) For 8 MHz parts (uPD70320/322-8). 
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AC Characteristics (cont) AC Characteristics (cont) 
Sa ie, | Limite Test 
Parameter Symbol Min Max Unit —_ Conditions Parameter Symbol Min Max Unit Conditions 
MREQ to TC = tone O5T+50 ns RESET width se twrs_i 30 ms he 
delay time (Power- 
Address data tpapw 0.57 +50 ns on reset) 
output tS hae Spe = ee 
—— twrsL2 9 _ HS System 
MREQ delay time tpamr 0.5T —300.5T+30 ns reset 
MSTB delay time tpams T-30 T+30 os MREQ, IOSTB to READY tscry T(n—1) ns n=2 
MSTB width,  twg__T(n + 0.5) ns SE ce 
low — 30 MREQ, IOSTB to READY tucry T(n—1) ns n=2 
Data output tsom —- T(n +1) ns. hold time 
setup time — 50 « . HLDROQ setup time tsHaK 30 ns 
Data output tymow 0.5T-30 . . ns HLDAK output delay tDKHA 80 ns 
pole ine Bus control float to tcrHa 7 — 50 ns 
IOSTB delay time tpaig —«0.5T — 30 ns HLDAK 
IOSTB to data tpisp T(n+ 1) ons HLDAKt to control output tpyac 7 —50 ns 
input —90 time 
fOSTB width, twis,  T(n + 1) ns HLDRQ to HLDAK delay _— tpyqua 31 + 160 ns 
low = HLDRQ! to contro! float tpyag 37T+30 ° ns 
fates «Misha i HLDRO width, low Gant (AST ns 
Input data tHISDR 0 ns HED width, low tWHAL T ns 
hold time INTP, DMARQ setup tsiak 30 ns 
Output data tspigs 3s T(n + 1) ns INTP DMARQ width, high — twig 8T ns 
Selup ume ae INTP DMARQ width, low twig, 81 ns 
Output data tHispw 0.5T — 30 ns — : 
hold time POLL setup time tspLK 30 ns 
Next DMARQ tspapa_ T ns Demand mode NMI width, high tWNIH ar US 
setup time - NMI width, low tWNIL 5 WS 
DMARG hold tHDADQ 0 ns Demand mode CTS width, low twetL 27 ns 
time INTR setup time tsiRK 30_ ns 
DMAAK read twomeac [(n+ 1.5) ns — ; 
width, low 30. INTAK se time tpKIA 80 ns 
DMAAK write — twomwe_ T(n + 1) ns INTE notg.timg tHiaia 0 bed 
width, low — 30 INTAK width, low twiaL 27 — 30 ns 
DMAAK to TC tppaTc 0.5T +50 ns INTAK width, high twiaH 1T—30 “ons 
oelay time INTAK to data delay tplaD 2T — 130 ns 
TC width, low  twrcL 27-30 ns INTAK to data hold tHiap | ~O 0.5T ns 
ee delay —tparr 0.5T — 30 ns SCKO(TSCK) cycle time  tcyrk 1000 ns 
REERO width, tweet Tin+1) Ae SCKO (TSCK) width, high twsty 450 ns 
low — 30 SCKO (TSCK) width, low  twst_ 450 ns 
Address hold tuRFA 0.5T — 30 ns TxD delay time tpTKD. 210 ns 
time TxD hold time turkp 20 ns 
CTSO (RSCK) cycle time teyrK ‘1000. ns 
CTSO(RSCK) width, high twsry 420 ns 
CTSO (RSCK) width, low twsr. 420 ns 
_ RxD setup time tsrpK 80 ns 
RxD hold time tHKRD 80 ns 
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Figure 36. External System Clock Control Source 


Recommended Crystal Configuration 
10 pF 


10 pF 


Parallel- 
resonant 


Note: crystal 


When using a quartz crystal, it is recommended that 15 pF capacity be used. 





NEC 


External Oscillator Configuration 


83-004574B 


Recommended Ceramic Resonator and Capacitance Requirements 





Recommended 
Manufacturer Product Number C1 (pF) 
Kyocera KBR-10.0M 33 
Murata Manufacturing CSA.10.0MT 47 
TDK FCR10.0M2S 30 


Timing Waveforms 


Stop Mode Data Retention Timing 


10% VDDDR 





AC Input Waveform 1 (Except X1, X2, RESET, NMI) 


83-004305A 


CLKIN1 


[x1] 


CLKOUT 
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Constants Recommended Constants 
C2 (pF) Product Number C1 (pF) C2 (pF) 
33 
47 CSA16.0MX040 30 30 
30 FCR16.0M2S 15 6 


AC Input Waveform 2 (RESET, NMI) 


83-004306A 


AC Output Test Point (Except CLKOUT) 


83-004307A 


83-004308A 
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Timing Waveforms (cont) 


Memory Read 
|}-—_—_———- 81} —___- 52 —_______} 
tcvK ——_—_> 
CLKOUT 
toKA—> 
tHMA 
tpADR —_——____> 
D7-Do ( 


tpmMRD-————> 


¥ = = 
tpmMsD 
tpMRMS 
MSTB 


0 


R/W 





4 


rth 


win 
ct 


tpAMS————> twMSL 
~ a 
> Fe el 
DMAAK1- 
DMAAKO 
tpMARTC 
TC1-TCO 


tWTCL 


83-004309C 
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Timing Waveforms (cont): 


Memory Write 


CLKOUT 





_ 83-004310C 
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Timing Waveforms (cont) 


I/O Read 


CLKOUT 


J 


a eee 


tpals —> 
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Timing Waveforms (cont) 


1/0 Write 


CLKOUT 


tpais—> 
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Timing Waveforms (cont) 


DMA, I/O to Memory 


CLKOUT 





tsDADQ 


tHDADQ 


tWDOMAL 


TC1-TCO 


toDaTC 
83-004313C 
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Timing Waveforms (cont) 


DMA, Memory to I/O 


CLKOUT 


tpAMR —— tWMRL -- tHMA —>} 


= 


tpAMS twMSL 


tspapa 
DMARQO 
DMARQ1- : 


tHDADQ 
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Timing Waveforms (cont) 


Refresh 


CLKOUT 





83-004315C 





RESET 1 


CLKOUT 2 \ f\ f\/ 


twRsL1 


83-004316B 
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Timing Waveforms (cont) 


RESET 2 


tWRSL2 


83-004317B 





READY 1 








83-004318B 


READY 2 


* tscry [READY setup time] and tucry [READY hold time] are a function of 
T and n. Timings shown are examples for n = 2 and n = 3. 





83-004319B 
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Timing Waveforms (cont) 


HLDRQ/HLDAK 1 


CLKOUT 


errs 
Bus contro! * 
ry 


—— ey 
HLDAK 


*A19-Ao, D7-Do, MREQ, MSTB, IOSTB, R/W 
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HLDRQ/HLDAK 2 





CLKOUT “wa 








Bus control” J 





t 
atest DKHA 


HLDAK 





*“A19-Ao, D7-Do, MREQ, MSTB, iOSTB, R/W 





83-004321B 





INTP, DMARQ Input 


CLKOUT 


*|INTP2-INTPO, DMARQ1-DMARQO 


83-004322B 





AR 





uPD70320/322 (V25) NEC 


Timing Waveforms (cont) 


POLL Input 


CLKOUT 


83-004323B 





NMI Input 





83-004324B 





CTS Input 


CTS1-CTSO 


83-004325B 
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Timing Waveforms (cont) 


INTR/INTAK 


CLKOUT 
tsiRK 
INTR , 
tDKIA tHIAIQ 


83-004326B 





83-004441B 
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Timing Waveforms (cont) 


Serial Receive 


tcYRK 


tWSRL twsRH 


a | ares 


tsRDK tHKRD 





83-004332B 
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Instruction Set 


Instructions, grouped according to function, are 
described in a table near the end of this data sheet. 
Descriptions include source code, operation, opcode, 
number of bytes, and flag status. Supplementary 
information applicable to the instruction set is con- 
tained in the following tables. 


e Symbols and Abbreviations 
e Flag Symbols 


e 8-and 16-Bit Registers. When mod = 11, the register 
is specified in the operation code by the byte/word 
operand (W = 0/1) and reg (000 to 111). 


e Segment Registers. The segment register is speci- 
fied in the operation code by sreg (00, 01, 10, or 11). 


e Memory Addressing. The memory addressing mode 
is specified in the operation code by mod (00, 01, or 
10) and mem (000 through 111). 


e Instruction Clock Count. This table gives formulas 
for calculating the number of clock cycles occupied 
by each type of instruction. The formulas, which 
depend on byte/word operand and RAM enable/dis- 
able, have variables such as EA (effective address), 
W (wait states), and n (iterations or string instruc- 
tions). 


Symbols and Abbreviations 


Identifier Description 

reg 8- or 16-bit general-purpose register 
reg8 8-bit general-purpose register 

regi6 16-bit general-purpose register 

dmem 8- or 16-bit direct memory location 
mem 8- or 16-bit memory location 

mem8 8-bit memory location 

mem 16 16-bit memory location 

mem32 32-bit memory location 

sfr 8-bit special function register location 
imm Constant (0 to FFFFH) 

imm16 Constant (0 to FFFFH) 

immé Constant (0 to FFH) 

imm4 Constant (0 to FH) 

imm3 Constant (0 to 7) 

acc AW or AL register 

sreg Segment register 

src-table Name of 256-byte translation table 
src-block Name of block addressed by the IX register 


Identifier 
dst-block 
near-proc 
far-proc 
near-label 
short-label 


far-label 
memptr16 


memptr32 
regptr16 


pop-value 
fp-op 


R 

W 
reg 
mem 
mod 
S:W 
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Description 

Name of block addressed by the lY register 
Procedure within the current program segment 
Procedure located in another program segment 
Label-in the current program segment 


Label between —128 and +127 bytes from the end 
of instruction 


Label in another program segment 


Word containing the offset of the memory location 
within the current program segment to which control 
is to be transferred 


Double word containing the offset and segment base 
address of the memory location to which control is to 
be transferred 


16-bit register containing the offset of the memory 
location within the program segment to which contro! 
is to be transferred - 


Number of bytes of the stack to be discarded (0 to 


64K bytes, usually even addresses) 
Immediate data to identify the instruction code of the 4a 


external floating point operation 





Register set 
Word/byte field (0 to 1) 





Register field (000 to 111) 
Memory field (000 to 111) 
Mode field (00 to 10) 


When S:W = 01 or 11, data = 16 bits. At all 
other times, data = 8 bits. 


X, XXX, YYY, ZZZ Data to identify the instruction code of the 


AW 
AH 
AL 
BP 
BW 
BH 
BL 
cw 
CH 
CL 
DW 
DH 
DL 
SP 
PC 
PSW 


external floating point arithmetic chip 
Accumulator (16 bits) 
Accumulator (high byte) 
Accumulator (low byte) 

Base pointer register (16 bits) 
BW register (16 bits) 

BW register (high byte) 

BW register (low byte) 

CW register (16 bits) 

CW register (high byte) 

CW register (low byte) 

DW register (16 bits) 

DW register (high byte) 

DW register (low byte) 

Stack pointer (16 bits) 
Program counter (16 bits) 





Program status word (16 bits) 
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Symbols and Abbreviations (cont) 





Identifier Description 
IX . ‘Index register (source) (16 bits) 
\Y Index register (destination) (16 bits) 
PS Program segment register (16 bits) 
SS Stack segment register (16 bits) 
DSo Data segment 0 register (16 bits) 
DS; ‘Data segment 1 register (16 bits) 
AC Auxiliary carry flag 
CY Carry flag 
P Parity flag 
‘EN: Sign flag 
Zero flag 
DIR Direction flag 
IE Interrupt enable flag 
V Overflow flag 
~ BRK Break flag 
MD Mode flag 
(...) Values in parentheses are memory contents 
disp Displacement (8 or 16 bits) 
ext-disp8 16-bit displacement (sign-extension byte 
+ 8-bit displacement) 
temp Temporary register (8/16/32 bits) 
tmpcy Temporary carry flag (1-bit) 
seg Immediate segment data (16 bits) 
offset Immediate offset data (16 bits) 
s: Transfer direction 
+ Addition 
- Subtraction 
X Multiplication 
+ Division 
%o Modulo 
AND Logical product 
0 Logical sum 
XOR Exclusive logical sum 
XXH Two-digit hexadecimal value 
XXXXH Four-digit hexadecimal value 
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Flag Symbols 

Identifier Description 
(blank) - No change 
0 ; Cleared to 0 





1 Set to 1 _ 

X Set or cleared according to the result 
U Undefined 
R 


Value saved earlier is restored 


8- and 16-Bit Registers (mod = 11) 





reg w=0- W=1 

000 AL AW 

001 "CL CW 

010 DL DW 

O11 BL BW 

100 AH SP 

101 CH : BP 

110 DH IX 

111 BH ly 
Segment Registers 

sreg Register 

00 DS, 

01 PS 

10 $S 

11 DSq 

Memory Addressing 

mem mod = 00 mod = 01 mod = 10 

000 BW + IX BW + IX + disp8 BW + IX + disp16 
001 BW +lY BW +IY + disp8 BW + IY + disp16 
010 BP + IX BP + IX + disp8 BP + IX + disp16 
011 BP + IY BP + lY + disp8 BP + IY + disp16 
100 IX IX + disp8 IX + disp16 

101 lY 1Y + disp8 IY + disp16 

110 Direct BP + disp8 BP + disp16 

111 BW BW + disp8 BW + disp16 


NEC 


Instruction Clock Count 


Mnemonic Operand Clocks Mnemonic 
ADD reg8, reg8 2 BRK 
reg16, regi6 2 
reg8, mem8 EA+6+W BRKCS 
regi6, memi6 EA+8+2W BRKV 
mem, reg8 EA+8+2W [EA+6+W] BTCLR 
memi6, regi6 EA+12+4W [EA+8+2W] 
reg8, immé8 5 BUSLOCK 
regi6, imm8 5 CALL 
regi6, imm16 6 
memé, imm8 EA+9+2W [EA+7+2W] 
mem16, imm8 EA+9+2W [EA+7+2W] 
mem16, imm16 EA+144+4W [EA+10+4W] 
AL, imm8 5 CHKIND 
AW, imm16 6 CLRI 
ADD4S 22+(27+3W)n [22+(25+-3W)n] 
ADDC Same as ADD 
ADJ4A 9 
ADJ4S 9 
ADJBA 17 
ADJBS 17 
AND reg8, reg8 2 
reg 16, reg16 2 
reg8, mem8 EA+6+W CMP 
regi6, mem16 EA+8+2W 
memé, reg8 EA+8+2W [EA+6+W] 
mem16, reg16 EA+12+4W [EA+8+2W] 
reg8, imm8 § 
reg16, imm16 6 
memé, imm8s EA+9+2W [EA+/7+2W] 
mem 16, imm16 EA+14+4W [EA+10+4W] 
Bcond (conditional branch) 8 or 15 
BCWZ 8or15 © 
BR near-label 12 
short-label 12 
regptri6 13 
memptr16 EA+17+2W CMP4S 
far-label 15 
memptr32 EA+25+-4W eurek 
Notes: 


(1) If the number of clocks is not the same for RAM enabied and 
RAM disabled conditions, the RAM enabled value is listed first, 
followed by the RAM disabled vaiue in brackets; for example, 


EA+8+2W [EA+6+W]. 


(2) Symbols in the Clocks column are defined as follows. 


EA.= additional clock cycles required for calculation of the 


effective address 


= 3 (mod 00 or 01) or 4 (mod 10) 
W = number of wait states selected by the WTC register 


n = number of iterations or string instructions 
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Operand 


3 
imm8 


near-proc 
regptr16 


memptr16 
far-proc 
memptr32 


CY 
DIR 


reg8, CL 
regi6, CL 


memé8, CL 
memi6, CL 


reg8, imm3 
regi6, imm4 


mem8, imm3 
mem16, imm4 


reg8, reg8 
regi6, regi6 


reg8, mem8 
reg16, mem16 


memé, reg8 
mem16, regi6 


reg8, immé8 
regi6, imm8 
regi6, imm16 
memé, imm8 
mem16, imm8 
mem16, imm16 


AL, imm8& 
AW, imm16 


mems, mem8: 
memi6, mem16 


Clocks 


55+10W [43+10W] 
56+10W [44+10W] 


als) 

55+10W [43+10W] 
29 

2 


22+2W [18+-2W] 
22+2W [18+2W] 


EA+26+4W [EA+24+4W] 
36+4W [34+4W] 
EFA+36+8W [EA+24+8W] 


EA+26+4W 


2 
2 


8 
8 


EA+14+2W [EA+12+W] 
EA+18+4W [EA+14+2W] 


7 
7 


EA+11+2W [EA+9+W] 
EA+15+4W [EA+10+2W] 


2 
2 


EA+6+W 
EA+8+2W 


EA+6+W 
EA+8+2W 


5 
5 
6 


EA+7+W 
EA+10+2W 
EA+10+2W 


5 
6 


22+(23+2W)n 


23+2W [19+2W] 
27+4W [21+2W] 
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Instruction Clock Count (cont) 


Mnemonic Operand 

CMPBKB 

CMPBKW 

CMPM mem8 
mem16 

CMPMB 

CMPMW 

CVTBD 

CVTBW 

CVTDB 

CVTWL 

DBNZ 

DBNZE 

DBNZNE 

DEC reg8 
regi6 
memés 
mem16 

DI 

DISPOSE 

DIV AW, reg8 
AW, mem8 
DW: AW, reg16 
DW: AW, mem16 

DIVU AW, reg8 
AW, mem8 
DW: AW, regi6- 
DW: AW, mem16 

DSO: 

DS1: 

El 

EXT reg8, reg8 
reg8, imm4 

FINT 

FP01 

FPO2 

HALT 

IN AL, imm8 
AW, imm8s 
AL, DW 
AW, DW 

ING reg8 
regi6 
mems 
mem16 
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Clocks Mnemonic 
16+(214+2W)n INM 
16-+(25+4W)n 

17+W 

194+2W 

16+(15+W)n INS 
16+(174+2W)n TW 
a LOM 

3 

20 LDMB 
8 LDMW 
8 or 17 MOV 

8 or 17 

8 or 17 

5 

2 


EA+11+2W [EA+9+2W] 
EA+15+4W [EA+11+4W] 


4 
12+2W 


46-56 
EA+48+W to EA+58+W 


54-64 
EA+58+2W to EA+68+2W 


31 
EA+33+W 


39 
EA+43+2W 


2 
2 
12, 


4121 
42-122 : MOVBK 


os 
6O+10W [48+10W] 


BO+10W [48+10W]} 
0 MOVSPA 


Par MOVSPB 
16+2W MUL 


13+W 
15+2W 


5 
2 


EA+11+2W [EA+9+2W] 
EA+15+4W [EA+11+4W] 


MOVBKB 
MOVBKW 


Operand 


mems, DW 
mem16, DW 


mems, DW 
mem16, DW 


reg8, reg 
reg8, imm4 


mems 

mem16 
mem16 

memés 

reg8, reg8 
reg 16, reg16 
reg8, mem8 
reg16, mem16 
memé, reg8 
mem16, reg16 
reg8, imm8 
regi6, imm16 


memé8, imm8s 
mem16, immié6 


AL, dmem8 
AW, dmem16 


dmemé, AL 
dmem16, AW 
sreg, regié 
sreg, mem16 
regi6, sreg 
mem16, sreg 


AH, PSW 
PSW, AH 


DSO, regi6, memptr32 
DS1, reg16, memptr32 


mem8, mem’ 
memi6, mem16 


mem8, mem8 
memi6, mem16 


AW, AL, reg8 
AW, AL, mem8 


DW: AW, AW, reg16 
DW: AW, AW, mem16 


reg16, reg16, imms 
regi6, mem16, imm8 


regi6, regi6, imm16 
regi6, mem16, imm16 


NEC 


Clocks 


19+2W [17+2W] 
21+4W [17+4W] 


18+(13+2W)n [18+(11+2W)n] 
18+(15+4W)n [18-+(11+4W)n] 


63-155 
64-156 


EA+2 

12+W 
16+(12+2W)n 
144+2W 
16+(10-+-W)n 


2 
2 


EA+6+W 
EA+8+2W 


EA+4+W [EA+2] 
EA+6+2W [EA+2] 


5 
6 


EA+5+W 
EA+5+2W 


S+W 
1+2W 


7+W [5} 
9+2W [5] 


4 
EA+10+2W 


3 
EA+7+2W [EA+3] 


2 
3 


EA+19+4W 
EA+19+-4W 


20+2W [16+W] 
16+(20+4W)n [16+(12-+2W)n] 


16+(16+2W)n [16+(12+W)n] 
24+4W [20+2W] 

16 

11 


31-40 

EA+33+W to EA+42+W 
39-48 

EA+43+2W to EA+52+2W 
39-49 

EA+43+2W to EA+53+2W 
40-50 

EA+44+2W to EA+54+2W 
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Instruction Clock Count (cont) 











Mnemonic Operand Clocks Mnemonic Operand Clocks 
MULU rege 94 PREPARE — imm16, imm8 imm8 = 0: 27+2W 
memés EA+26-+W - imm8 = 1: 39+4W 
Ni a ee imm8 = n > 1: 46+19 (n—1)+4W 
~regié 32 , PS: 9 
mem16 EA+34+2W : 
MERI>o = © © “Gaea ee Sh at pp Ve™ awe aut = ee, PUSH regi6 10+2W [6] 
NEG pee | : memt6 EA+18+4W [EA+14+4W] 
Sa. oe, Ree AP EAGLE DS1 W1+2W [7] 
mem8s EA+11+2W [EA+9-+W] 
memt6 EASIS+4W [EA+11-+2W] PS T+2W [7] 
us ee ee SS 1+2W [7] 
ie OE Oe, Sl ee DSO 1142W [7] 
NOT oe 2 PSW 10+2W [6] 
a ee R 82+16W [50] 
mem8s EA+11+2W [EA+9+W] , : 
imm8 13+2W [9] 
mem16 EA+15+4W [EA+11+2W] imm16 1442W [10] 
NOT1 CY 2 REP 5 
reg8, CL 7 
regi6, CL 7 REPE 2 
memé, CL EA+11+W REPZ 2 
mem16, CL EA+13+2W REPC 2 
reg8, imm3 6 REPNC 2 
Ce a Opes in a et  HEPNE 2 
memé, imm3 EA+8+W 
memt6, imm4 EA+10+2W jae 2 
RET null 20+2W 
OR reg8, re 2 
seats cae 9 pop-value 20+2W 
null 29+-4W 
reg8, mem8 EA+6+W a 
regié, mem16 EA+8+2W bop value ai 
memé, rege EA+8+2W [EA+6+2W] bell sa F6W [5+] 
memi6, regi6 EA+12+4W [EA+8+4W] RETRBI 12 
reg8, imm8s 5 ROL reg8, 1 8 
regi6, imm16 6 regi6, 1 8 
memé, imm8 EA+9+W [EA+7+W] memé, 1 EA+14+2W [EA+12+W] 
mem16, imm16 EA+14+4W [EA+10-+4W] mem16, 1 EA+18+4W [EA+14+2W] 
AL, imm8 5 reg8, CL 11+2n 
AW, imm16 6 reg16, CL 11+2n 
OUT immé, AL 10+W memé, CL EA+17+2W+2n [EA+15+W+2n] 
imm8, AW 10+2W memi6, CL EA+21+4W+2n [EA+17+2W+2n] 
DW, AL 9+W reg8, imm8 9+2n 
DW, AW 9+2W regi6, imm8 9+2n 
QUTM DW, mem8 19+2W [17+2W] mem8, imm8 EA+134+2W+2n [EA+11+W+2n] 
DW, mem16 21+4W [17+4W] mem16, imm8& EA+17+4W+2n [EA+13+2W+2n] 
DW, mem8 18-+(13+2W)n [18+(11+2W)n] ROL4 reg8 7 
DW, mem16 18+(15+4W)n [18+11+4W)n] mem8 EA+18+2W [EA+16+2W] 
POLL 0 ROLC Same as ROL 
POP regié 12+2W ROR ‘Same as ROL 
memi6 EA+16+4W [EA+12+2W] ROR4 rege m1 
DS1 13+2W memés FA+24+2W [EA+22+2W] 
8s Brew RORC Same as ROL 
DSO 13+2W 
SET1 CY 2 
SL ae er DIR 2 
R 82+16W [58] 
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Instruction Clock Count (cont) 


TSKSW 
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Mnemonic Operand 
SET1 (cont) reg8,-CL . 
-regi6, CL 

memé, CL 
mem16, CL 
-reg8, imm3. 
regi6, imm4 
mem8, imm3 
mem16, imm4 

SHL 

SHR 

SHRA 

SS: 

STM mems - 

mem16 

STMB mems | 

STMW memi6 

- STOP 

SUB 

SUB4S 

SUBC 

TEST reg8, reg8 
regi6, regi6 
reg8, mem8 
regi6, mem16 
memé, reg8 
mem16, reg16 
reg8, imm8 
regi6, imm16 
mem, imm8 
mem16, imm16 
AL, imm8 
AW, imm16 

TEST1 yeg8, CL 
regi6, CL 
memé, CL 
mem16, CL 
reg8, imm3 
regi6,.imm4 
mem8, imm3 
mem 16, imm4 

TRANS 

TRANSB 


Clocks 
af 


7 


EA+13+2W [EA+11+W] 
EA+17+4W [EA+13+2W] 


6 
6 


EA+10+2W [EA+8+W] 
EA+14+4W [EA+10+2W] 


Same as ROL 
Same as ROL 
Same as ROL 


2 


124+2 [10] 
16+(10+2W)n [16+(6+2W)n] 


16+(8+W)n [16+(6+W)n] 
1442W [10] 
0 


Same as ADD 
» 224(274+3W)n [22+(25+3W)n] 
Same as ADD 


4 
4 


EA+8+W 
EA+10+2W 


EA+8-+W 
EA+10+2W 


7 
8 


EA+11+W 


- EA+11+2W 


5 
6 


= 
7 


EA+11+W 
EA+13+2W 


6 
6 


EA+8+W 
EA+10+2W 


10+W 


-10+W 
“1 


-Mnemonic Operand 


XCH reg8, reg8 
regi6, regi6 


reg8, mem8 


regi6, mem16 : 


mem8, reg8 
mem16, regi6 


AW, regi6 
regi6, AW 


XOR 





Clocks 
3 


3 
EA+10+2W [EA+8+2W] 


 EA+14+4W [EA+10+4W] 


EA+10+2W [EA+8+2W] 
EA+14+4W [EA+10+4W] 


4 


4 
Same as AND 
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Execution Clock Counts for Operations 
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Byte Word 

RAM Enable RAM Disable RAM Enable RAM Disable 
Context switch interrupt (Note 1) _ — 28 28 
DMA (Single-step mode) (Note 2) 20 + 2W 20 + 2W 24+ 4W 24+ 4W 
DMA (Demand release mode) 15+W 15+ W 17+2W 17+ 2W 
DMA (Burst mode) (12 + 2W)n (12 + 2W)n (12 + 4W)n (12 + 4W)n 
DMA (Single-transfer mode) 33+W+N 33+W+N 35 +2W+N 35 + 2W +N 
Interrupt (INT pin) _ _ 62+ 10W 50 + 10W 
Macro service, sfr — mem (Note 2) 23+W 21+W 27 +2W 25 + 2W 
Macro service, mem — sfr 22-+W 20+ W 26 + 2W 24+ 2W 
Macro service (Search char mode), sfr - mem 37+W 37+ W — — 
Macro service (Search char mode), mem — sfr 37+W 37+ W — — 
Priority vectored interrupt (Note 1) _ — 58 + 10W 46 + 10W 


N =number of clocks to complete the instruction currently executing. 


Notes: 


(1) Every interrupt has an additional associated latency time of 


(2) The DMA and macro service clock counts listed are the required 


number of CPU clocks for each transfer. 





27 + N clocks. During the 27 clocks the interrupt controller (3) When an external interrupt is asserted, a maximum of 6 clocks is 


performs some overhead tasks such as arbitrating priority. This 
time should be added to the above listed interrupt and macro 
service execution times. 


required for internal synchronization before the interrupt request 
flag is set. For an internal interrupt, a maximum of 2 clocks 
is required. 


Bus Controller Latency 


Mode Clocks 

HLDRQ latency 7+2W 
DMA request latency (Note 1) Burst 29-+N 
Single step 29+N 
Demand release 29 +N 
Single transfer 31+N 


Notes: 


(1). The listed DMA latency times are the maximum number of clocks 
when a DMA request is asserted until DMAAK or MREQ goes low 
in the corresponding DMA cycles. The test conditions are no 
wait states, no interrupts, no macro service requests and no hold 
requests. 
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ao 
a= 


Instruction Set 


















































: Operation Code No. of Flags 
Mnemonic Operand Operation 76543210765 4321 90 Bytes AC CY V P § Z 
Data Transfer 
MOV reg, reg reg <— reg 1000%310901W11 reg reg 2 

mem, reg (mem) <— reg 1000100 W mod reg mem 2-4 
reg, mem reg <— (mem) 100010414 W mod reg mem 2-4 
mem, imm (mem) <- imm 110004114 W mod 0 0 0 mem 3-6 
reg, imm reg <—— imm 10%1%1W =~ reg 2-3 
acc, dmem When W = 0 AL <— (dmem) 10310000 W 3 
When W = 1 AH <— (dmem + 1), AL <— (dmem) 
dmem, acc When W = 0 (dmem) <— AL 10100034 W 3 
When W = 1 (dmem + 1) <— AH, (dmem) <— AL 
Sreg, regi6 sreg <— reg16 sreg : SS, DSO, DS1 1000%1%4 10 414 14 0 © Sreg reg 2 
sreg, mem16 sreg <— (mem16) sreg : SS, DSO, DS1 100014 #1 0 mod 0 sreg mem 2-4 
regi6, sreg reg16 <— sreg 1000110011 0 — sreg reg 2 
mem16, sreg (mem16) <— sreg 10004114 0 0 mod 0 sreg mem 2-4 
DSO, reg 16, regi6 <-- (mem32) 1100 014 0 1 mod reg mem 2-4 
mem32 DSO <— (mem32 + 2) 
DS1, reg16, reg16 <- (mem32) 11000410 0 mod reg mem 2-4 
mem32 -DS1 <— (mem32 + 2) 
AH, PSW AH <— §, Z, x, AC, x, P, x, CY 100141111 1 
PSW, AH S, Z, x, AC, x, P, x, CY <— AH 10011110 1 x Xx X X X 
LDEA regi6, mem16 regi6 <- mem16 1000110 1 mod reg mem 2-4 
TRANS src-table AL <— (BW + AL) 110101141 1 
XCH reg, reg reg <—> reg 10000%11Wt141 reg reg 2 
mem, reg (mem) <——> reg 10000 +414 W mod reg mem 2-4 
or reg, mem 
AW, regi6 AW <—— regi6 10010 ~~ reg 1 
or regi6, AW 
Repeat Prefixes 
REPC While CW + 0, the next byte of the primitive block 01100101 1 
transfer instruction is executed and CW is 
decremented (— 1). If there is a waiting interrupt, 
it is processed. When CY = 1, exit the loop. 
REPNC While CW ~ 0, the next byte of the primitive block 01100710 0 1 


transfer instruction is executed and CW is 
decremented (— 1). If there is a waiting interrupt, 
it is processed. When CY ~ 0, exit the loop. 


(GZA) TTE/OTEOLGd" 


OUHN 


SS 


Instruction Set (cont) 


Mnemonic Operand 
Repeat Prefixes (cont) 


REP 
REPE 
REPZ 


REPNE 
REPNZ 


Primitive Block Transfer 


Operation 


transfer instruction is executed and CW is 


decremented (— 1). If there is a waiting interrupt, it is 
processed. If the primitive block transfer instruction 


is CMPBK or CMPM and Z + 1, exit the loop. 


While CW + 0, the next byte of the primitive block 


transfer instruction is executed and CW is 


decremented (— 1). If there is a waiting interrupt, it is 
processed. If the primitive block transfer instruction 


is CMPBK or CMPM and Z + 0, exit the loop. 





Operation Code 


765 4 3 2 Bytes AC CY V P § Z 


1 


1 


1 


1100 1 


076543210 


1 


4. tr Oo. HO 


No. of 





Flags 


While CW + 0, the next byte of the primitive block 


























MOVBK dst-block, When W = 0 (IY) <— (IX) 10100310 iW 1 
sre-block DIR = 0: IX 1X +1, 1¥Y —lY +1 
DIR = 1: IX <— IX —1, ¥ <- lY—-1 
When W = 1 (IY + 1, IY) — (IX + 1, IX) 
DIR = 0: IX — IX +2, IY —lY +2 
DIR = 1: IX <— IX —2, IY <—1Y-2 
CMPBK src-block, When W = 0 (IX) — (IY) 10310011 W 1 X -W% X X X X 
dst-block DIR = 0: IX <—— IX +1, 1Y —lY +1 
DIR = 1: IX <— IX —1, IY —lY¥ -1 
When W = 1 (IX + 1, IX). — (IY +1, IY) 
DIR = 0: IX — 1X +2, IY —lY +2 
DIR = 1: 1X < IX—2, IY <-lY-2 
CMPM dst-block When W =0 AL — (IY) 10%10%1%31%31é+%W 1 Xx %X X X X X 
DIR = 0: 1Y —1¥ +1;DIR=1:1Y ——lY—-1 
When W = 1 AW — (IY +1, IY) 
DIR = 0: 1Y —1¥ +2; DIR=1:1Y—lY—2 
LDM srce-block When W =0 AL < (IX) 1041043141310 +W 1 
DIR = 0: IX <— IX +1; DIR = 1: IX — IX —1 
When W = 1 AW — (IX + 1, IX) 
DIR = 0: IX <— IX + 2; DIR = 1: 1X <— IX-2 
STM dst-block When W =0 (IY) <— AL 10104101 +W 1 
DIR = 0: 'Y IY +1; DIR=1:1Y <lY —-1 
When W = 1 (IY + 1, IY) — AW 
DIR =0: IY —lY +2; DIR=1: IY —l1Y—2 
Bit Field Transfer 
INS reg8, reg8 16-Bit field —— AW 000011110011 0001 3 
1 1 reg reg 
reg8, imm4 16-Bit field —— AW 0000114114110011100 41 4 
1100 0 reg 





ON 


(SZA) Z7E/0cTE0Ldd" 


9S 


Instruction Set (cont) 


Mnemonic Operand 
Bit Field Transfer (cont) 


EXT reg8, reg8 
reg8, imm4 

1/0 

IN acc, imms 
acc, DW 

OUT imm8, acc 
DW, acc 


Operation 


AW <— 16-Bit field 


AW <— 16-Bit field 


When W = 0 AL <— (immé8) 
When W = 1 AH < (imm8 + 1), AL <— (imm8) 


When W = 0 AL <— (DW) 
When W = 1 AH <~ (DW + 1), AL < (DW) 


When W = 0 (imm8) <— AL 

When W = 1 (imm8 + 1) <— AH, (imm8) <— AL 
When W = 0 (DW) <— AL 

When W = 1 (DW + 1) <— AH, (DW) <— AL 


Primitive Block I/O Transfer 


INM dst-block, DW 


OUTM DW, src-block 


Addition/Subtraction 

ADD. reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 


When W = 0 (IY) < (DW) 
DIR = 0: 1Y — IY +1; DIR=1:1Y — IY -1 
When W = 1 (IY + 1, IY) — (DW +1, DW) 
DIR =0: IY —1Y¥ +2: DIR=1:1Y —lY -2 


When W = 0 (DW) <— (IX) 
DIR = 0: IX <— IX + 1; DIR = 1: 1X <—IX—1 
When W = 1 (DW + 1, DW) <— (IX + 4, IX) 
DIR = 0: IX IX + 2; DIR = 1: IX <—IX-2 


reg <— reg + reg 

(mem) <— (mem) + reg 
reg <—~ reg + (mem) 

reg <— reg + imm 
(mem) <— (mem) + imm 


When W =0 AL — AL+imm 
When W = 1 AW <—— AW+imm 





Operation Code 
7654321076 5 43 2 1 


=-o|l-o 


eO1rerfpef,ol;o!|o 


—_ Oj} CO 


o;yo;ol;o|o!loa 


004171110011 001 1 


reg 


00 1 
000 


10 1 


0 


0 


SCo,yo};yol;o!lo|oco 
So}]/O;]o};o;o|o 


reg 


_ 


reg 


11 W 


01 W 
00 W 
01 W 
0S W 
0S W 
10 W 


n: number of transfers 


11 reg 
mod reg 
mod reg 
11000 
mod 0 0 0 


1100114101 


reg 
mem 
mem 
reg 
mem 


1 


No. of 


Bytes AC CY 


3 


2-4 
2-4 
3-4 
3-6 
2-3 


x | K | mK] OK] KL OK 


x |x |x tox fox fx. 


x | K | mK] | OK | OK 


x | «| mK | OK] OK] Ox 


mM 1K | KT KEK) OX 


Flags 
VPS Z 


wm pK | KK] KK 


(SZA) Z7E€/07Te0Ldad" 


OHN 


ZS 


Instruction Set (cont) 





















































<— | K | KK] x] KL OX 


MM | MK | OK | OK | OK] Ox 


Pad 


Operation Code No. of Flags 

Mnemonic Operand Operation 76543210765 432(41~0 Bytes AC CY V P § 2 

Addition/Subtraction (cont) 

ADDC reg, reg reg <— reg + reg +CyY 0001001Wi1 reg reg 2 Xx xX X X X 
mem, reg (mem) <— (mem) + reg + CY 00010 00 W mod reg mem 24 xX xX X X X 
reg, mem reg <— reg + (mem) + CY 000100414 W mod reg mem 24 xX xX X X X 
reg, imm reg <~ reg +imm+CY 100000S W110 10 ~— reg 34 xX xX xX xX X 
mem, imm (mem) <— (mem) + imm + CY 10000 0S W mod 01 0— mem 36 xX xX X X X 
acc, imm When W =0 AL < AL+imm+CY 00031010 W 2-3 =X XxX X X X 

When W = 1 AW <— AW + imm+ CY 

SUB © reg, reg reg <— reg — reg 0070101 Wt1 1 reg reg 2 xX xX X X X 
mem, reg (mem) <— (mem) — reg 00310100 W mod reg mem 24 xX xX X X X 
reg, mem reg <— reg — (mem) 0010 10% W mod reg mem 24 xX xX X X X 
reg, imm reg <—~ reg — imm 100000S witti1o01 reg 3-4 xX x XxX X X 
mem, imm (mem) <—~ (mem) — imm 1000 00S W mod 1 01— =mem 36 xX xX XxX X X 
acc, imm When W = 0 AL <— AL—imm 00101310 W 23 5X xX X X X 

When W = 1 AW <— AW-imm 

SUBC reg, reg reg <— reg — reg — CY 000113101 Wt! 1 reg reg 2 X xX X X X 
mem, reg (mem) <— (mem) — reg — CY 00041100 W mod reg mem 24 XxX xK X X Xx 
reg, mem reg <— reg — (mem) — CY 000114101 W mod reg mem 24 xX xX xX X X 
reg, imm reg <— reg — imm — CY 1000008 W1101 1 reg 3-4 xX xX XxX X X 
mem, imm (mem) <— (mem) — imm — CY 100 0008S W mod 0 11— =mem 36 xX xX X X Xx 
acc, imm When W =0 AL <— AL—imm-—CY 0001110 iW 23 xX xX XxX X X 


When W = 1 AW <— AW — imm — CY 





OHN 


(SZA) S7E/O7EOLdd" 


8S 


Instruction Set (cont) 


Mnemonic Operand 
BCD Operation 


ADD4S 

SUB4S 

CMP4S 

ROL4 reg8 
mems 

ROR4 reg8 
mem8 « 

7 

BCD Adjust 

ADJBA 

ADJ4A 

ADJBS 

ADJ4S 


Operation 


dst BCD string <— dst BCD string 
+ sre BCD string 


dst BCD string <— dst BCD string 
— src BCD string 


dst BCD string — sre BCD string 


7 AL 0 reg 





AL 0 mem 





7 AL 0 reg 


Upper 4 bits | Lower 4 bits 





AL 0 mem 


Ee at AL, Upper 4 bits { Lower 4 bits 





When (AL AND OFH) >9 or AC = 1, 
AL < AL +6, AH <— AH +1, AC <—1, 
CY — AC, AL <— AL AND OFH 


When {AL AND OFH) >9 or AC = 1, 

AL < AL+ 6, CY <— CY OR AC, AC <1, 
When AL > 9FH, or CY —= 

AL <— AL + 60H, CY <— 1 


When (AL AND OFH) >9 or AC = 1, 
CY <— AC, AL <— AL AND OFH 


When (AL AND OFH) >9 or AC = 1, 

AL < AL — 6, CY <— CY OR AC, AC <— 1, 
When AL > 9FH, or CY — = 

AL <~ AL+ 60H, CY <1 





aA OC 
— © 


oo 


oo 


1 


oo 


oo 


oo 


oo 


on 


on. 


1 


{ 


1 


mem 


1 
reg 


1 
mem 


1 


{ 


1 


No. of Flags 
Bytes AC CY V P 


2 ux udu 
3 

3-5 

3 

3-5 

1 Xx xXx udu 
1 x xX UX 
1 Xx xX uu 
1 x xX ux 


S$ 


(SZA) ZZE/07E0Ldd" 


OAN 


6S 


Instruction Set (cont) 


Operation Code No. of Flags 
Mnemonic Operand Operation 765432310765 4321 ~0 Bytes AC CY V P 
Increment/Decrement 
INC reg8 reg8 <— reg8 + 1 111111103 100 0~— Teg 2 Xx xX xX 
mem (mem) <— (mem) + 1 1114 1 11 W mod 0 0 0 mem 2-4 = x xX X 
regi6 regl6 <— regi6 + 1 0100 0~ reg “4 X X X 
DEC reg8 reg8 <— reg8 — 1 1117141114104 70041 ~— * reg 2 x xX X 
mem (mem) <— (mem). — 1 11141111 W mod 001 — =mem 24 =X x Xx 
regi6 regi6 <— regi6 — 1 010.01 reg 1 X X X 
Multiplication 
MULU reg8 AW <— AL x reg8 1111034340141 10 0~— reg 2 ux XU 


AH = 0: CY <—0,V <—0 
AH #0: CY <1,V <1 


mems AW < AL x (mem8) 11110110 mod 100 — mem 24 uo.%V. Xu 
AH=0: CY —0,V<0 
AH 40: CY —1,V<-1 


regi6 DW, AW <— AW x regi6 1114710313731 31% 10 0~— Treg 2 u xX xX U 
DW =0: CY <-0,V <0 
DW #0: CY <-1,V<—1 


mem16 DW, AW <— AW x (mem16) 1131431031414 1 mod 100 + =mem 24 uo x xu 
DW =0: CY —0,V<—0 
DW +0: CY —1,V<-1 


MUL reg8 AW =< AL x reg8 Lhd Ot tO te 84 reg 2 u x Xu 
AH = AL sign expansion: CY <— 0, V <0 
AH # AL sign expansion: CY <— 1, V <—1 


~mem8 AW <—~ AL x (mem8) 1114110110 mod 101 = #4=mem 24 u x xX uU 
AH = AL sign expansion: CY <— 0, V <— 0 
AH # AL sign expansion: CY <— 1, V <— 1 


reg16 DW, AW <— AW x reg16 111410341131 10~+41 reg 2 u xX xX wu 
DW = AW sign expansion: CY <— 0, V <—0 
DW = AW sign expansion: CY <— 1, V <— 1 

mem16 DW, AW <— AW x (mem16) 11°11 0 1 #%1=1 mod 101° mem 24 u xX XU 


DW = AW sign expansion: CY <— 0, V<—0 
DW = AW sign expansion: CY <— 1, V<— 1 


regi6, regi6 <— regi6 x imm8 0110310141141 reg reg 3 u xX XU 
regi6, Product < 16 bits: CY <— 0, V <—0 
immés Product > 16 bits: CY <— 1, V <— 1 
regi6, regi6 <— (mem16) x imm8 0110 4140 1 1 mod reg mem 3-5 uo xX xX U 
mem16, Product = 16 bits: CY <— 0, V<—0 
imm8 Product > 16 bits: CY <—- 1, V <1 





OAN 


M | KL mK | KEK | OX 
MEK | KL KL OK | OX 


(SZA) 22E/0ZE0Ldd" 


09 


Instruction Set (cont) 


- Operation Code No. of Flags 
Mnemonic Operand Operation 765432107665 43241 «0 Bytes AC CY V P §$ Z 


Multiplication (cont) 
MUL (cont) —__regi6, regi6 <— regi6 x imm16 0110100111 reg reg 4 u- xX xX UU U 





reg16, Product < 16 bits: CY <— 0, V <0 
imm16 Product > 16 bits: CY <— 1, V <— 1 ; 
reg16, regi6 <— (mem16) x imm16 : 0131410 10 0 1 mod reg mem 46 u x x uuu 
mem16, Product < 16 bits: CY <— 0, V<—0 
immi6 roduct > 16 bits: CY <— 1, V <— 1 
Unsigned Division 


DIVU reg8 temp <- AW 1414114101 10% 1 1 71 0 reg, 2 u ou ouuU UU 
; When temp + reg8 > FFH : 
(SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <— SP—6 ‘ 
IE <— 0, BRK <— 0, PS <— (3, 2), PC <— (1, 0) 
All other times. ae 
AH.<— temp % reg8, AL <— temp + reg8 


mems temp <— AW © 1:41 1:01 4 0 mod 1 1 0 mem 24 u uv uu UU 
When temp + (mem8) > FFH ; 
(SP — 1, SP — 2) <— PSW, (SP — 3, SP— 4) <— PS 
(SP — 5, SP —.6) <— PC, SP <— SP—6 
IE <— 0, BRK <— 0, PS <— (3, 2), PC <— (1, 0) 
All other times 
AH <— temp % (mem8), AL <— temp + (mem8) 


regi6 - temp <— AW 1-11101%1%1 11314 0 reg 2 uo uuduUduUU 

When temp + reg16 > FFFFH 
(SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <— SP —6 
IE-<~ 0, BRK <— 0, PS <— (3, 2), PC <~ (1, 0) 
All other times 
AH <— temp % regi6, AL <— temp + reg16 

~ -mem16 temp <— AW 111140111 mod 1°91 °0 mem ; 24 u uuu U 

When temp + (mem16) > FFFFH : . ‘ i : 

(SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <— SP —6 
IE <— 0, BRK <— 0, PS <— (3, 2), PC <— (1, 0) 
All other times - 
AH <— temp % (mem16), AL <— temp + (mem16) 


(SZA) Z2€/07E0L0d" 




















LQ 


Instruction Set (cont) 


Mnemonic Operand 
Signed Division 
DIV reg8 





mem8 


reg 16 


mem 16 


Operation 


temp <- AW 

When temp + reg8 > 0 and temp + reg8 > 7FH or 
temp + reg8 <0 and temp + reg8 <0 - 7FH — 1 
(SP — 1, SP — 2) <— PSW, (SP — 3, SP ~ 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <- SP—6 

IE <— 0, BRK <— 0, PS <— (3, 2), PC <— (1, 0) 

All other times 

AH <— temp % reg8, AL <— temp = reg8 





temp W <— 

When temp + (mem8) > 0 and (mem8) > 7FH or 
temp + (mem8) <0 and 

temp + (mem8) <0 - 7FH — 1 

(SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <— SP—6 

IE <— 0, BRK <— 0, PS <— (3, 2), PC <— (1, 0) 

All other times 

AH < temp % (mem8), AL <— temp + (mem8) 


temp <— AW 

When temp + reg 16 > 0 and reg 16 > 7FFFH or 
temp + reg 16 <0 - 7FFFH — 1 

(SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <—- SP —6 

IE <— 0, BRK <— 0, PS <— (3, 2), PC <— (1, 0) 

All other times 

AH <— temp % reg. 16, AL <— temp = reg 16 


Operation Code 
76 5 4 8 





temp <— AW 

When temp + (mem 16) > 0 and (mem 16) > 7FFFH 
or temp + (mem 16) <0 and temp + [mem 16] 

<0 -7FFFH — 1 

(SP — 1, SP — 2) ) <— PSW, (SP —3, SP — 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <—- SP—6 

IE <~ 0, BRK <— 0, PS <— (3, 2), PC <— (1, 0) 

All other times 

AH < temp % (mem 16), AL <— temp + (mem 16) 


mod 


mod 





432 1 

1 reg 
11 mem 
11 reg 
11 mem 


No. of 
Bytes 


2-4 


2-4 


Flags 
CY Vv 


P 


OAN 


(SZA) 2ze/0zceoZad" 
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Instruction Set (cont) 


Mnemonic 
Data Conversion 
CVTBD 
CVTDB 
CVTBW 


Operand 


CVTWL 


Comparison 

CMP reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 


Complement 
NOT reg 

mem 
NEG reg 

mem 
Logical Operation 
TEST reg, reg 


mem, reg 
or reg, mem 


reg, imm 
mem, imm 
acc, imm 


AND reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 


Operation 


AH <— AL + OAH, AL <— AL % OAH 
AH <— 0, AL <— AHx OAH + AL 


When AL < 80H, AH <— 0, 
all other times AH <— FFH 


When AL < 8000H, DW < 0, 
all other times DW <— FFFFH 


reg — reg 
(mem) — reg 
reg — (mem) 
reg —imm 
(mem) — imm 


When W =0, AL—imm 
When W = 1, AW —imm 


reg <— reg 
(mem) <— (mem) 
reg <— reg +1 
(mem) <— (mem) +1 


reg AND reg 
(mem) AND reg 


reg AND imm 
(mem) AND imm 


When W = 0, AL AND imm8 
When W = 1, AW AND imm8 


reg <— reg AND reg 

(mem) <— (mem) AND reg 
reg <— reg AND (mem) 

reg <— reg AND imm 
(mem) <— (mem) AND imm 


When W = 0, AL <— AL AND imm8 
When W = 1, AW <— AW AND imm16 


Operation Code 
765 432 


—a};oa}] a] oa o};—-;/-+|/o)}o!]|o 


— 


o;] He] ol;]o!;]o 


Oo; Co]o;o|o!|]o 


a ees 


Oo 


Q1o!]}o;o!;o|!|oa 


a=[o1fo]/ =] =] «a 


f/f | 


—/oO;o]; —; =|] — 


—}oO!]o!]—|—| 


eS ee oe 


o};— 


aO;olo;oro;o 


= o|o oO}o|!]o|oa —|~o}!}o;—;—] — 


ol}ol}o;o;o|ca 


—|oOo];lo!lo|l|lo;o 
C1 NIM! +] oO} = 


—a | a] a] 


Oo 


—~j)/O!}|o};o!|o!|]o 


=/=/=)/= 


@e2Olo!;|o;-alo;— 


=/=/=\/=)/=/= 


=/= 


=/=/=/=/=/= 


76543210 


11 
mod 
mod 
11 
mod 


11 
mod 
11 
mod 


mod 


11 
mod 


11 
mod 
mod 


mod 


reg 
reg 
reg 
tat a 
111 


c/celolo 
ee ee eee ee 
~alalolo 


reg 
reg 


reg 

reg 

reg 
100 
100 


mem 
mem 


mem 


reg 

mem 
reg 

mem 


reg 
mem 


reg 
mem 


reg 
mem 
mem 
reg 
mem 


No. of 
Bytes 


2-4 
2-4 


3-6 
2-3 


3-4 
3-6 
2-3 


2-4 
2-4 
3-4 
3-6 
2-3 


AC 


xs | KK ] mK] OK | OK | OX 


ele he le hee 


«| KK | OK | OK] OK | Ox 


So 


Oo,ol;ro;ro;o;oa 


de Pd 


oS 


Ooro!l/o!lo!lo!]o 


Flags 
CY V P 


| mK | mK] KL OK | Ox 


~< 


M | Ke] mK | KT OK | OO 


xe | «| mK |] OK | OK | OX 


< 


MK | mK | OK 1 OK | x 


M1) «| | OK] OK | Cx 


x< 


<M | K ] | KL eK] xX 


OHN 


(SGZA) SSE /0ZE0Ldd” 


€9 


Instruction Set (cont) 








Operation Code No. of Flags 
Mnemonic Operand Operation 7654324310765 43210 Bytes AC CY V P § Z 
Logical Operation (cont) 
OR reg, reg reg <— reg OR reg 0000101W14 reg reg 2 u 0 0x x x 
mem, reg (mem) <— (mem) OR reg 0000100 W mod reg mem 24 u 00x x x 
reg, mem reg <— reg OR (mem) 0000104 W mod reg mem 24 u 0 0x x x 
reg, imm reg <— reg OR imm 1000000W1%1001 reg 34 u 0 0x x x 
mem, imm (mem) <— (mem) OR imm 1000000 W mod 0 0 1° mem 36 u 0 0x x x 
acc, imm When W = 0, AL <— AL OR imm8 0000%1%10 W 23 u 0 0x x x 
When W = 1, AW <— AW OR imm16 
XOR reg, reg reg <— reg XOR reg 0011001W1 1 reg reg 2 u 0 Ox x x 
mem, reg (mem) <— (mem) XOR reg 0011000 W mod reg mem 24 u 0 0x x x 
reg, mem reg <— reg XOR (mem) 001100141 W mod reg mem 24 u 0 0x x x 
reg, imm reg <— reg XOR imm 1000000wWi41%1310~— reg 34 u 0 0x x x 
mem, imm (mem) <— (mem) XOR imm 1000000 W mod 110 mem 36 u 0 0x x x 
ace, imm When W = 0, AL <— AL XOR imm8 00110410W 23 u 0 0x x x 
When W = 1, AW <— AW XOR imm16 
Bit Operation 
2nd byte* 3rd byte* 
TEST1 reg8, CL reg8 bit no. CL =0: Z <— 1 0001000034100 0~— reg 3 u- 0 Ouu x 
reg8 bit no. CL = 1:2 <—0 
mem8, CL (mem) bit no. CL = 0: Z <— 1 00010000 mod 0 0 0 mem 35 u 0 Ou uU x 
(mem8) bit no. CL = 1:Z —0 
regi6, CL regi6 bit no. CL=0:Z <1 0001000311100 0 ~— reg 3 u's «0 Ou uU xX 
regi6 bit no. CL=1:Z<—0 
mem16, CL (mem16) bit no. CL=0:Z <— 1 000100 014 mod 0.0 0 mem 35 u 0 Ou uU x 
(mem16) bit no. CL = 1:Z<—0 
reg8, imm3 reg8 bit no. imm3 = 0: Z <— 1 0001100031100 0~— reg 4 u 0 Ou ux 
reg8 bit no. imm3 = 1: Z <— 0 
memé, imm3 (memé8) bit no. imm3 = 0: Z <— 1 000311000 mod 0 0 0 mem 46 u 0 O0Ouu x 
(mem8) bit no. imm3 = 1: Z <— 0 
regi6, imm4 regi6 bit no. imm4 = 0: Z <— 1 000110011100 0~— reg 4 u- «0 Ouu x 
regi6 bit no. imm4 = 1: Z <— 0 
mem16, imm4 (mem16) bit no. imm4 = 0: Z <— 1 000110 01 mod 0 00 mem 46 u 0 0uuU xX 
(mem16) bit no. imm4 = 1: Z <— 0 
2nd byte* 3rd byte* 


“Note: First byte = OFH 





OAN 


(SZA) SSE/O0STEOLdd"” 
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Instruction Set (cont) 


Mnemonic 


Bit Operation (cont) 


NOT1 


CLRI 


















































‘Operation Code No. of lag 
Operand Operation 76543210765 432 ~41 Bytes AC CY 
2nd byte* 3rd byte* 
reg8, CL reg8 bit no. CL <— reg8 bit no. CL 0001011011000 ~— reg 3 
mem8, CL (mem8) bit no. CL <— (mem8) bit no. CL 00010110 mod 0 0 0 mem 3-5 
regi6, CL reg16 bit no. CL < regi6 bit no. CL 0001011111000 ~— reg 3 
mem16, CL (mem16) bit no. CL <— (mem16) bit no. CL 00010111 mod 0 0 0 mem 3-5 
reg8, imm3 reg8 bit no. imm3 <— reg8 bit no. imm3 0001111011000 ~= reg 4 
mem8, imm3 (mem8) bit no. imm3 <— (memé) bit no. imm3 0004111410 mod 0 0 0 mem 4-6 
regi6, imm4 reg16 bit no. imm4 <— (reg16) bit no. imm4 0001111141000 ~— reg 4 
mem16, imm4 (mem16) bit no. imm4 < (mem16) bit no. imm4 000% 114144 mod 0 0 0 mem 4-6 
2nd byte* 3rd byte* 
*Note: First byte = OFH 
CY cY —CY es oie es eed | 1 x 
2nd byte* 3rd byte* 
reg8, CL reg8 bit no. CL 0 00010010110 0 ~0~— reg 3 
mem®, CL (mem8) bit no. CL <— 0 00010010 mod 000 mem 3-5 
regi6, CL regi6 bit no. CL <0 0001001111000 ~— reg 3 
mem16, CL (mem16) bit no. CL <—0 000100 4141 mod 0 00 mem 3-5 
reg8, imm3 reg8 bit no. imm3 <— 0 0001310101100 0 ~— reg 4 
mem8, imm3 (mem) bit no. imm3 <— 0 00031310 10 mod 0 0 0 mem 4-6 
reg16, imm4_. reg16 bit no. imm4 <— 0 000110114 1100 ~0 reg 4 
mem16, imm4 (mem16) bit no. imm4 <0 00031310 41141 mod 0 00 + mem 4-6 
_ | ond byte* 3rd byte* 
*Note: First byte = OFH 
cY CY<—0 ef hey De 00 1 0 
DIR DIR <0 1 





11111410 «0 
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instruction Set (cont) 













































































Operation Code No. of Flags 
Mnemonic Operand Operation 765432107 (6 5 4 8 1 Bytes AC CY V P § 2 
Bit Operation (cont) 
SET1 reg8, CL reg8 bit no. CL <— 1 0001010011 00 0 ~— reg 3 
memé, CL (mem§8) bit no. CL <— 1 00010414 00 mod 0 0 0 mem 3-5 
regi6, CL regi6 bit no. CL <— 1 0001010111000 ~— reg 3 
mem16, CL (mem16) bit no. CL <— 1 0001010 1 mod 0 0 0— mem 3-5 
reg8, imm3 reg8 bit no. imm3 <— 1 0001110011000 reg 4 
memé, imm3 (memés) bit no. imm3 <— 1 0001110 0 mod 000 mem 4-6 
regi6, imm4 regi6 bit no. imm4 <— 1 0001311031 110 0 «0 reg 4 
mem16, imm4 (mem16) bit no. imm4 <— 1 000131410 41 mod 0 00 mem 4-6 
2nd byte* 3rd byte* 
*Note: First byte = OFH 
CY CY <1 111110041 1 1 
DIR DIR <— 1 1411143441041 1 
Shift 
SHL reg, 1 CY <— MSB of reg, reg <—~ reg x2 1101000Wt1414100 reg 2 u XxX xX X X x 
When MSB of reg + CY, V <— 1 
When MSB of reg = CY, V <— 0 
mem, 1 CY <— MSB of (mem), (mem) <— (mem) x 2 110 1000 W mod 1 0 0-— mem 24 uo. xX X X Xx 
When MSB of (mem) # CY, V <— 1 
When MSB of (mem) = CY, V <0 
reg, CL temp <— CL, while temp +0, 1103100%1Wi1441410~0 reg 2 u xX UX X X 
repeat this operation, CY <— MSB of reg, 
reg <— reg x 2, temp <— temp — 1 
mem, CL temp <— CL, while temp ~ 0, 110 10014 W mod 1 00 mem 24 uo % u xX X Xx 
repeat this operation, CY <~ MSB of (mem), 
(mem) <— (mem) x 2, temp <— temp — 1 
reg, imm8 temp <— imm8, while temp ~ 0, 1100000Wt141t4100 reg 3 u xX UX X Xx 
repeat this operation, CY <— MSB of reg, 
reg <— reg x 2, temp <— temp — 1 
mem, immé temp <— immé8, while temp ~ 0, 1100000  W mod 1 0 0 mem 35 uo %X% UX X X 
repeat this operation, CY <— MSB of (mem), 
(mem) <— (mem) x 2, temp <— temp — 1 n: number of shifts 
SHR reg, 1 CY <— LSB of reg, reg <— reg +2 110314000Wi1d110 1 reg 2 u xX X X X X 


When MSB of reg ~ bit following MSB 
of reg: V<— 1 
When MSB of reg = bit following MSB 
of reg: V<— 0 
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Instruction Set (cont) 


Mnemonic Operand 


Shift (cont) 


SHR (cont) mem, 1 


reg, CL 


mem, CL 


reg, immé8 


mem, immés 


Operation 


CY <— LSB of (mem), (mem) <— (mem) + 2 
When MSB of (mem) + bit following MSB 
of (mem): V <—— 1 

When MSB of (mem) = bit following MSB 
of (mem): V <0 


temp <— CL, while temp + 0, 
repeat this operation, CY <— LSB of reg, 
reg <— reg = 2, temp <— temp — 1 


Operation Code 
765 4 3 


11010 


0 0 W mod 1 


0o1Wwi1i11 


mem 


reg 


No. of 
Bytes 


2-4 





temp <— CL, while temp + 0, 
repeat this operation, CY <— LSB of (mem), 
(mem) <—- (mem) + 2, temp <— temp — 1 


0 1 W mod 1 


mem 


2-4 


Flags 
cy Vv 


P 





temp <— imm8, while temp ~ 0, 
repeat this operation, CY <— LSB of reg, 
reg <— reg + 2, temp <— temp — 1 


00 W111 





temp <— imm8, while temp <0, 
repeat this operation, CY <— LSB of (mem), 
(mem) <- (mem) + 2, temp <— temp — 1 


00 W mod 1 


n: number of shifts 


reg 


mem 





SHRA reg, 1 


mem, 1 





reg, CL 


mem, CL 





CY <— LSB of reg, reg <— reg +2,V <0 
MSB of operand does not change 








CY <— LSB of (mem), (mem) <— (mem) ~ 2, 


V <— 0, MSB of operand does not change 





temp <— CL, while temp ~ 0, 

repeat this operation, CY <— LSB of reg, 
reg <~ reg + 2, temp <— temp — 1 

MSB of operand does not change 


00 wid 


reg 


3-5 











00 W mod 1 


mem 


2-4 





01W1141 


_ reg 





temp <— CL, while temp = 0, 

repeat this operation, CY <— LSB of (mem), 
(mem) <—- (mem) + 2, temp <— temp — 1 
MSB of operand does not change 


01 W mod 1 





reg, imm8 


mem, imm8& 


temp <— imm8, while temp ~ 0, 

repeat this operation, CY <— LSB of reg, 
reg <— reg + 2, temp <— temp — 1 

MSB of operand does not change 


temp <— immé8, while temp + 0, 

repeat this operation, CY <— LSB of (mem), 
(mem) <— (mem) + 2, temp <— temp — 1 
MSB of operand does not change 


00 wWwii11 


00 W mod 1 


n: number of shifts 


mem 


2-4 





reg 


mem 


3-5 
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Instruction Set (cont) 


Mnemonic 
Rotation 
ROL 


ROR 


Operand 


reg, 1 


mem, 1 


reg, CL 


mem, CL 


reg, imm8 


mem, immé8 


reg, 1 


mem, 1 


reg, CL 


mem, CL 


Operation 


CY <— MSB of reg, reg <— regx2+CY 
MSB of reg ¥ CY: V <— 1 
MSB of reg = CY: V<—0 


CY <~ MSB of (mem), 
(mem) <— (mem) x 2 + CY 
MSB of (mem) # CY: V <—1 
MSB of (mem) = CY: V <—0 


temp <— CL, while temp ~ 0, 

repeat this operation, CY <— MSB of reg, 
reg <— reg x2+ CY 

temp <— temp — 1 


temp <— CL, while temp + 0, 

repeat this operation, CY <— MSB of (mem), 
(mem) <— (mem) x 2+ CY 

temp <— temp — 1 

temp <— imm8, while temp + 0, 

repeat this operation, CY <— MSB of reg, 
reg <— regx2+CyY 

temp <— temp — 1 


temp <— immé, while temp ~ 0, 


repeat this operation, CY <— MSB of (mem), . 


(mem) <— (mem) x 2+ CY 
temp <- temp — 1 


Operation Code 
765 4 3 





CY <— LSB of reg, reg <— reg + 2 
MSB of reg <— CY 


MSB of reg + bit following MSB of reg: V <— 1 
MSB of reg = bit following MSB of reg: V <— 0 





CY <— LSB of (mem), (mem) <— (mem) + 2 
MSB of (mem) <— CY 

MSB of (mem) # bit following MSB 

of (mem): V <— 1 

MSB of (mem) = bit following MSB 

of (mem): V.<— 0 


temp <— CL, while temp +0, 

repeat this operation, CY <— LSB of reg, 
reg <— reg + 2, MSB of reg <— CY 
temp <— temp — 1 


temp <— CL, while temp +0, 

repeat this operation, CY <— LSB of (mem), 
(mem) <— (mem) + 2, MSB of (mem) <— CY 
temp <— temp — 1 


00Wi11 0 


00 W mod 0 


01 W mod 0 


oo wii 0d 


00 W mod 0 


n: number of shifts 
00 Wid 0 


2 


reg 


mem 


reg 


reg 


reg 


mem 


reg 





00 W mod 0 


01W11 0 


0 1 W mod 0 


n:number of shifts 





_ mem 


reg 


mem 





No. of Flags 
Bytes AC CY VP § Z 
2 X xX 
2-4 xX X 
2 xX U 
2-4 X U 
3 xX U 
3-5 X U 
2 x xX 
2-4 xX xX 
2 X U 
2-4 x ou 


DAN 
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Instruction Set (cont) 


Mnemonic Operand 
Rotation (cont) 
ROR (cont) reg, imm8 


mem, imm8 


Rotate 
ROLC reg, 1 


mem, 1 


reg, CL . 


mem, CL 


reg, imm8 


mem, imm8 


Operation 


temp <— imm8, while temp ~ 0, 

repeat this operation, CY <— LSB of reg, 
reg <— reg ~ 2, MSB of reg <— CY 
temp <— temp — 1 


temp <— imm8, while temp + 0, 

repeat this operation, CY <— LSB of (mem), 
(mem) <— (mem) + 2 

temp <— temp — 1 


tmpcy <— CY, CY <— MSB of reg 
reg <— reg xX 2+ tmpcy 

MSB of reg = CY: V<—0 

MSB of reg ~ CY: V <— 1 





tmpcy <—- CY, CY <— MSB of (mem) 
(mem) <- (mem) x 2 + tmpcy 


‘MSB of (mem) = CY: V <0 


MSB of (mem) # CY: V <— 1 





temp <— CL, while temp ~ 0, 

repeat this operation, tmpcy <— CY, 

CY <— MSB of reg, reg <— reg x 2+ tmpcy 
temp <— temp — 1 











temp <— CL, while temp ~ 0, 

repeat this operation, tmpcy <— CY, 
CY <— MSB of (mem), 

(mem) <- (mem) x2+tmpcy - 
temp <— temp — 1 





temp <— immé8, while temp + 0, 

repeat this operation, tmpcy <— CY, 

CY <— MSB of reg, reg <— reg x 2 + tmpcy 
temp <— temp — 1 








temp <— imm8, while temp ~ 0, 
repeat this operation, tmpcy <— CY, 
CY <~ MSB of (mem) 

(mem) <- (mem) x 2 + tmpcy 

temp <— temp — 1 


Operation Code No. of Flags 
7654321076 54 1 Bytes AC CY V P § 
1100000Wi1100° reg 3 xX ou 
1100 000 W mod 0 0 mem 3-5 X ou 
n: number of shifts 
1104%14000Wd1é40 4 reg 2 xX xX 
1101000 W mod O 1 mem 2-4 xX xX 
110%1001Wtd110 1 reg 2 xX ou 
110100141 W mod 0 1 mem 2-4 xX ou 
io O20 COW th 4 OA reg 3 x U 
1100000 W mod 0 1 mem 3-5 X U 


n: number of shifts 


Z 
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Instruction Set (cont) 


Mnemonic 


Operand 


Rotate (cont) 


RORC 


reg, 1 


mem, 1 


Operation 


tmpcy <— CY, CY <— LSB of reg 

reg <— reg + 2, MSB of reg <— tmpcy 

MSB of reg ¥ bit following MSB of reg: V <— 1 
MSB of reg = bit following MSB of reg: V <0 


tmpcy <— CY, CY <— LSB of (mem) 

(mem) <— (mem) = 2, MSB of (mem) <— tmpcy 
MSB of (mem) # bit following MSB 

of (mem): V <— 1 

MSB of (mem) = bit following MSB 

of (mem): V <0 





reg, CL 


mem, CL 


reg, imm8 


mem, imm8 


Operation Code 


7654321076 5 4 32 


1101000Wi1101 


11010 00 W mod 0 1 





temp <— CL, while temp ~ 0, 

repeat this operation, tmpcy <— CY, 

CY <— LSB of reg, reg <— reg + 2, 

MSB of reg <— tmpcy, temp <— temp — 1 


temp <— CL, while temp + 0, 

repeat this operation, tmpcy <— CY, 

CY <— LSB of (mem), (mem) <—— (mem) + 2 
MSB of (mem) <— tmpcy, temp <— temp — 1 


temp <— imm8, while temp #0 

repeat this operation, tmpcy <— CY, 

CY <— LSB of reg, reg <— reg + 2 

MSB of reg <— tmpcy, temp <— temp — 1 








1101001 W mod 0 1 





temp <— imm8, while temp +0, 

repeat this operation, tmpcy <— CY, 

CY <— LSB of (mem), (mem) <— (mem) + 2 
MSB of (mem) <— tmpcy, temp <— temp — 1 


Subroutine Control Transfer 


CALL 


. near-proc 


regptri6 
memptr16 
far-proc 


memptr32 


(SP — 1, SP — 2) <— PC, SP <— SP—2 
PC <— PC + disp 











17100000 W mod 0 1 





(SP — 1, SP — 2) <— PC, SP <— SP—2 

PC <— regptri6 

(SP — 1, SP — 2) <— PC, SP <—- SP —2 

PC <— (memptr16) 

(SP — 1, SP — 2) <— PS, (SP — 3, SP — 4) <— PC 
SP <— SP — 4, PS <— seg, PC <— offset 

(SP — 1, SP — 2) <— PS, (SP — 3, SP — 4) <— PC 
SP <— SP — 4, PS <— (memptr32 + 2), 


“PC <— (memptr32) 


11171111 1 mod 0 1 








1117474 1 1 1 1 mod 0 1 











No. of Flags 
1 0 Bytes AC CY V P S$ Z 

1 reg 2 X xX 
1 mem 2-4 X xX 
1 reg 2 X U 
1 mem 2-4 X U 
1 reg 3 xX ou 
1 mem 3-5 xX U 

3 
0 reg 2 
0 mem 2-4 

5 
1 mem 2-4 
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Instruction Set (cont) 






















































































Operation Code No. of Flags 
Mnemonic _ Operand Operation 76543210765 43210 Bytes AC CY V P § Z 
Subroutine Control Transfer (cont) 
RET PC <— (SP +1, SP), SP <—SP+2 11 0011 1 
pop-value PC <— (SP +1, SP) 14 0010 a 
SP <— SP + 2, SP <— SP + pop-value 
PC <— (SP+ 1, SP), PS <— (SP +3, SP + 2) 11001011 1 
SP <— SP+4 
pop-value PC <— (SP + 1, SP), PS <— (SP + 3, SP + 2) 110031010 3 
SP <— SP + 4, SP <— SP + pop-value 
Stack Manipulation 
PUSH mem16 (SP — 1, SP — 2) <— (mem16), SP <— SP —2 1411411414141 1 mod 110 + =mem 2-4 
regi6 (SP — 1, SP — 2) <— regi6, SP <— SP — 2 010% 0~— reg 1 
sreg (SP— 1, SP— 2) <— sreg, SP <— SP —2 0 00 sreg 11 «0 1 
PSW (SP — 1, SP — 2) <— PSW, SP <— SP—2 1001110 0 1 
R Push registers on the stack 01100000 1 
imm (SP. — 1, SP — 2) <— imm 011010908 0 2-3 
SP <— SP — 2, When S = 1, sign extension 
POP memié (mem16) <— (SP + 1, SP), SP <— SP+2 100031411414 = =mod 0 0 0 mem 2-4 
regi6 regi6 <- (SP + 1, SP), SP <— SP +2 01011 reg 1 
sreg sreg <~ (SP + 1, SP) sreg : SS, DSO, DS1 0 00 sreg 11 1 1 
SP <— SP +2 
PSW PSW <— (SP +1, SP), SP << SP +2 10013141041 1 R R RRRR 
R Pop registers from the stack 013100001 1 
PREPARE imm16, imm8 Prepare new stack frame 110031000 4 
*imm8 = 0: 16 
imm8 > 1: 25 + 16 (imm8 — 1) 
DISPOSE Dispose of stack frame 110031001 1 
Branch : 
BR near-label PC <— PC +disp 111031001 3 
short-label PC <— PC + ext-disp8 1117014014 2 
regptri6 PC <— regptr16 1117131711 7317131 +1 ~0~(0 reg 2 
memptri6 PC <— (memptr16) 11141414 1 1 1 mod 100° =mem 2-4 
far-label PS <— seg, PC <— offset 111031010 5 
memptr32 PS < (rnemptr32 + 2), PC <— (memptr32) 11414 1411 1 41 mod 10 1 = =mem 2-4 
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Instruction Set (cont) 














Mnemonic Operand Operation 
Conditional Branch 
BV short-label if V=1, PC — PC + ext-disp8 
BNV short-label if V=0, PC <— PC + ext-disp8 
BC, BL short-label if CY = 1, PC <— PC + ext-disp8 
BNC, BNL short-label if CY =0, PC < PC + ext-disp8 
BE, BZ short-label ifZ=1, PC < PC + ext-disp8 
BNE, BNZ short-label if Z=0, PC < PC + ext-disp8 
BNH short-label if CY ORZ=1, PC <— PC + ext-disp8 
BH short-label if CY OR Z=0, PC <— PC + ext-disp8 
BN short-label ifS =1, PC <— PC + ext-disp8 
BP short-label if S =0, PC <— PC + ext-disp8 
BPE short-label if P= 1, PC < PC + ext-disp8 
BPO short-label if P=0, PC < PC + ext-disp8 
BLT short-label if S XOR V = 1, PC <~ PC + ext-disp8 
BGE short-label if S XOR V=0, PC <— PC + ext-disp8 
BLE short-label if (S XOR V) OR Z=1, PC < PC + ext-disp8 
BGT short-label if (S XOR V) OR Z =0, PC <— PC + ext-disp8 
DBNZNE short-label CW <-—CW-1 
if Z=0 and CW +0, PC <— PC + ext-disp8 
DBNZE short-label CW <= CW -1 
if Z=1 and CW <0, PC <— PC + ext-disp8 
DBNZ short-label CW <— CW-—1 
if CW #0, PC — PC + ext-disp8 
BCWZ short-label if CW =0, PC — PC + ext-disp8 
BTCLR sfr. imm3, if bit no. imm3 of (sfr) = 1, 
short-label PC <— PC + ext — disp8, 
bit no. imms of (sfr) <— 0 
interrupt 
BRK 3 (SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS, 
(SP — 5, SP — 6) <— PC, SP <— SP—6 
IE <— 0, BRK <0 
PS <— (15, 14), PC <— (13, 12) 
imm8s (SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS, 
(¥ 3) (SP — 5, SP — 6) <— PC, SP <— SP—6 


IE <— 0, BRK <— 0 
PC <—— (nx4,+1,nx 4) 
PS <—— (nx 44+3,nx4+2)n=imm8 


Operation Code 
6543 2 


—|~Ool/ol;o;o!;Po;ol!lol o!;/o;o;ol;ol;o!;o!;o;co 
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1 


oO}]-H/]/-)]/0O10o/—-]/-)/0/0O/;/—])/-]/0/0]/43/—)/ 0/0 


076543210 


oOl]atloj;aloj;oanloflfatl[losj|/olralo;iaslo!]=alo 


1001 





No. of Flags 
Bytes AC CY V P §$ Z 








1 


10 0 


MPM], MT_ MI], MT NM] MP] M] MOT_M] MMM] POT POT] POT PM 
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Instruction Set (cont) 


Mnemonic Operand 

Interrupt (cont) 

BRKV 

RETI 

RETRBI 

FINT 

CHKIND ‘regi6, 
mem32 

CPU Control 

HALT 

STOP 

BUSLOCK 

FPO1 (Note 1) fp-op 
fp-op, mem 

FPQ2 (Note 1) fp-op 

fp-op, mem 

POLL . 

NOP 

DI 

“él 

DSO; DS1; 

PS; SS 

Notes: 


(1) Does not execute on the V25, but does generate an interrupt. 


Operation 


When V = 1 


(SP — 1, SP — 2) < PSW, (SP — 3, SP — 4) <— PS, 
(SP — 5, SP — 6) <— PC, SP SP—6 


IE <— 0, BRK <— 0 
PS <— (19, 18), PC <— (17, 16) 


PC — (SP + 1, SP), PS — (SP +3, SP +2), 
PSW — (SP +5, SP +4), SP <—SP+6 


PG <— Save PC, PSW <— Save PSW 


Indicates that interrupt service routine to the 
interrupt controller built in the CPU has been 


completed 


When (mem32) > reg16 or (mem32 + 2) < regi6 
(SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS, 
(SP — 5, SP — 6) <— PC, SP <— SP—6 


IE <— 0, BRK <— 0, 
PS <— (23, 22), PC <— (21, 20) 


CPU Halt 

CPU Hait 

Bus Lock Prefix 

No Operation 

data bus <— (mem) 
No Operation 

data bus <— (mem) 
Poll and wait 

No Operation 
IE<—0 

IE <— 1 

Segment override prefix 


Operation Code 
76543 2 


11001 


111410 
00001 
111410 
110141 
11011 
01100 
01100 
10011 
10010 
111141 
11111 
0 0 1° sreg 


aa fap ef oO] em] me} aH] X< | KY] oO] SH] oO 


076543210 


0 

1 

11 1 
1 1 0 
0 mod reg mem 
0 

110 141 11 
0 
X11YYY2Z2Z22 
X mod Y Y Y~ mem 
X11YYY2Z2Z22 
X mod Y Y Y mem 
1 

0 

0 

1 

0 


1 


2-4 


—}/ as] a] oo |] oer 


R 


R 


Flags 
yies AC CY VP S$ Z 


R RRRR 


R RRR R 
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Instruction Set (cont) 


Mnemonic Operand Operation 
Register Bank Switching 

MOVSPA 

BRKCS regi6 


MOVSPB regi6 


TSKSW regi6 


Operation Code 
7 6 


-—-O/}-OCO;1o!]o 


—_O}- OC] O/]oO 


5 43 2 


—_oOo;/- oO] oO] © 


_—O};-o})o|o 


—_ — —_ —_ ooh 


1 
1 
1 
reg 


2 a | 
reg 





o!;]lo|o 


No. 
Byt 


of Flags 
s AC CY V P § Z 


X X X X 
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uPD70320/322 (V25) NEC 


NEC 


NEC Electronics Inc. 


Description 


The wPD70330/70332 (V35™) is a high-performance, 
16-bit single-chip microcomputer with a 16-bit external 
data bus. The wPD70330/70332 is fully software com- 
patible with uPD8086/8088 and uPD70108/70116 
(V20®/30®) instruction set. 


The wPD70330 is a ROMless part. The uwPD70332 has 
16K ROM, while the wPD70P322 has 16K EPROM and 
can be used as a wPD70330 (V35) or a wPD70320 
(V25™). 


Features 


O Functionally compatible with 4PD70320/322 (V25) 
0) Internal 16-bit architecture and external 16-bit 
data bus 
CO Software compatible with u.PD8086/8088, 
HPD70108/70116 (V20/30) in the native mode 
1 New and enhanced instructions 
0) Six-byte prefetch queue 
Minimum instruction cycle: 500 ns at 8 MHz 
CO Internal memory 
— ROM: 16K bytes (uPD70332 only) 
— RAM: 256 bytes 
CO Memory space: 1M bytes 
C) Input port with comparator (port T): eight bits 
C) Bus interface optimized for use with dynamic 
RAMs 
— Multiplexed address 
— On-board refresh controller 


V20 and V30 are registered trademarks of NEC Corporation. 
V25 and V35 are trademarks of NEC Corporation. 


50006-1 (NECEL-870) 


UPD70330/70332 (V35) 
16-Bit Microcomputers: 
Advanced, Single-Chip, CMOS 


0 24 parallel 1/0 lines 
C1) Serial interface: two channels 
— Dedicated baud rate generator 
— Asynchronous mode, I/O interface mode 
0 Interrupt controller 
— Programmable priority (eight levels) 
— Three interrupt service functions 
— Vectored interrupt, register bank switching, 
macro service 
C1 DRAM, pseudo SRAM refresh function 
0 Two DMA channels 
O Two 16-bit timers 
O One 20-bit time base counter 
C1 Clock generator 
0 Programmable wait function 
1 Low power modes 
— HALT 
— STOP 
0 1.2-micron CMOS 





Ordering Information 4b | 
Part: Number Clock (MHz) Package Internal ROM 
uPD70330L-8 8 84-pin PLCC ROMless 

GJ-8 8 94-pin plastic QFP 
uPD70332L-8-xxx 8 84-pin PLCC 16K mask ROM 

GJ-8-xxx 8 94-pin plastic QFP 
pPD70P322KE-8 8 84-pin LCC 16K EPROM 

(UV erasable) 


HEDTOSSOT O32 (V35) | NEC 


Pin Configuration 





84-Pin PLCC and 84-Pin LCC 


P07 /CLKOUT PT7 
PT6 
PTS 
PT4 
PT3 
PT2 
PT! 
PTO 


P17 /READY 
P1g/SCKO 
P15 TOUT 
P44 /ANT/POLL 


P1g /INTP2/INTAK 
P1o /INTP4 

P14 /INTPO 

P19 /NMI 

P27 /HLDRQ 

P2g /HLDAK 

P25 /TC1 

P24 /DMAAK1 
P2g /DMARQ\ 


A43/A5U 34 
Ay4/AgQ 35 
Aig/AgQ 37 
Ay7/A4g 4 38 
Ai8/UBE [J 40 


P29 /DMARQO C] 48 


* Connect pin 9 to GND through a 5-kQ to 10-kQ resistor. 
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Pin Configuration (cont) 





94-Pin Plastic QFP 


92 [1 Ao/Aio 
911 Ay/Ag 
73 F PO7/CLKOUT 


O©onoann on = 


~ 
- Oo 


aa ek ta ee 
our OND 





ONN NH =| | = 
on OO ON 


P2s /TCi C] 27 
P2¢/HLDAK CJ 28 
P27/HLDRQ CJ 29 
Pig /NMI CJ 30 
P14 /INTPO C 31 
Pty /NTP1 C] 32 
P1s TOUT C] 35 


P1q /INTP2/INTAK [33 
Pig /SCKO C] 36 
P17 READY C] 37 


P23 /DMARQ1 [] 25 
P24 /DMAAKi C] 26 
P14 /INT/POLL C] 34 


Connect pin 69 to GND through a 5-kQ to 10-kQ resistor. 
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Pin Identification 


Symbol 
Ayg-Ag 
CLKOUT 
CTSO 
CTS1 
D45-Do 
DMAAKO 





DMAAK1 
DMARQO 
DMARQ1 


EA 


m™m 


Function Symbol 
Address bus outputs RxD1 
System clock output SCKO 
Clear-to-send input, serial channel 0 TCO 


Clear-to-send input, serial channel 1 


Bidirectional data bus mu 
DMA acknowledge output, DMA controller TOUT 
channel 0 
DMA acknowledge output, DMA 7x0) 
controller channel 1 TxD1 
DMA request input, DMA controller UBE 
channel-0 X1. X2 
DMA request input, DMA controller 
channel 1 V 

DD 
External access; clamped low or high V 
according to program access requirements TH 
Hold acknowledge output GND 
Hold request input IC 


Interrupt request input 
Interrupt acknowledge output 
Interrupt request 0 input 
Interrupt request 1 input 
Interrupt request 2 input 
1/0-read or write strobe output 
Memory request output 
Memory strobe output 
Nonmaskable interrupt request 


Input on POLL synchronizes the CPU and 
external devices 


1/0 port 0 
1/0 port 1 
1/0 port 2 
Comparator port input lines 


- Ready signal input controls insertion of 


wait states 

DRAM refresh request output 

Reset signal input 

Read/write strobe output 

Receive data input, serial channel 0 


NEC 


Function 
Receive data input, serial channel 1 
Serial clock output 


Terminal count output; DMA completion, 
channel 0 


Terminal count output; DMA completion, 
channel 1 


Timer output 

Transmit data output, serial channel 0 
Transmit data output, serial channel 1 
Upper byte enable . 


Connections to external frequency control 
source (crystal, ceramic resonator, or clock) 


+5-volt power source input (two pins) 


Threshold voltage input to comparator 
circuits 


Ground reference (two pins) 


Internal connection; must be tied to Vpp 
externally through a pullup resistor 


NEC 


Pin Functions 
Ai9-Ao; Address Bus 


To support dynamic RAMs, the 20-bit address is multi- 
plexed on 11 lines. When MREQ is asserted, A;7-Ag are 
valid. When MSTB or |OSTB are asserted, Ag-A, and Aig 
are valid. Ayg is also multiplexed with UBE and is valid 
when MREQ isasserted. Therefore Aj is active throughout 
the bus cycle. Ayg and Ag are not multiplexed but have 
dedicated pins and are valid throughout the bus cycle. 











CLKOUT; Clock Out 


The system clock (CLK) is distributed from the internal 
clock generator to the CPU and output to peripheral 
hardware at the CLKOUT pin. 


CTSO; Clear-to-Send 0 


This is the CTS pin of the channel 0 serial interface. In 
asynchronous mode, a low-level input on CTSO 
enables transmit operation. In I/O interface mode, 
CTSO is the receive clock pin. 





CTS1; Clear-to-Send 1 

This is the CTS pin of the channel 1 serial interface. In 
asynchronous mode, a low-level input on CTS1 
enables transmit operation. 

D15-Do; Data Bus 


D45-Do is the 16-bit data bus. 


DMAAKO and DMAAK1; DMA Acknowledge 


These are the DMA acknowledge outputs of the DMA 
controller, channels 0 and 1. Signals are not output 
during DMA memory-to-memory transfer operations 
(burst mode, single-step mode). 


DMARQO and DMARQ1; DMA Request 


These are the DMA request inputs of the DMA con- 
troller, channels 0 and 1. 
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EA; External Access 


For the ROM-less 4PD70330, connect this pin to 
ground. For the wPD70332, connect EAto ground if 
program code is in external memory; connect EA to +5 
volts if program code is in the internal ROM. 


HLDAK; Hold Acknowledge 


The HLDAK output signal indicates that the hold 
request (HLDRQ) has been accepted. When HLDAK is 
active (low), the following lines go to the high-imped- 
ance state with internal 4700-ohm pullup resistors: 
Aig-Ao, D7-Do, |OSTB, MREQ, MSTB, REFRQ, and 
R/W. 











HLDRQ; Hold Request 


The HLDRQ input from an external device requests 
that the uwPD70330/332 relinquish the address, data, 
and control buses to an external bus master. 


INT; Interrupt 


The INT input is a vectored interrupt request from an 
external device that can be masked by software. The 
active high level is detected in the last clock cycle of an 
instruction. The external device confirms that the INT 
interrupt request has been accepted by the INTAK 
signal output from the CPU. 


The INT signal must be held high until the first INTAK 
signal is output. Together with INTAK, INT is used for 
operation with an interrupt controller. such as 
uPD71059. 





INTAK; Interrupt Acknowledge 


The INTAK output is the acknowledge signal for the 
software-maskable interrupt request INT. The INTAK 
signal goes low when the CPU accepts INT. The 
external device inputs the interrupt vector to the CPU 
via data bus D7-Dg in synchronization with INTAK. 
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INTPO, INTP1, INTP2; Interrupt from 
Peripheral 0, 1,2 


The INTPn inputs (n = 0, 1, 2) are external interrupt 
requests that can be masked by software. The INTPn 
input is detected at the effective. edge specified by 
external interrupt mode register INTM. 





The INTPn input is also ‘used to release the HALT 
mode. 


1OSTB; 1/O Strobe 


A low-level output on IOSTB indicates that the I/O bus 
cycle has been initiated and that the 1/O address output 
on A45-Ag is valid. 





MREQ; Memory Request 


A low-level output on MREQ indicates that the memory 
or I/O bus cycle has started and that address bits Ao, 
Ai7-Ag, Aig and Aig are valid. 


MSTB; Memory Strobe 


-. Together with MREQ and R/W, MSTB controls memory 
accessing operations. MSTB should be used either to 
enable data buffers or as a data strobe. During memory 
write, a low-level output on MSTB indicates that data 
on the data bus is valid. A low-level output on MSTB 
indicates that multiplexed address bits Ag-Aj, Aig, 
and UBE are valid. 


NMI; Nonmaskable Interrupt 


The NMI input is an interrupt request that cannot be 
masked by software. The NMI is always accepted by 
the CPU; therefore, it has priority over any other 
interrupt. . 


The NMI input is detected at the effective edge speci- 
fied by external interrupt mode register INTM. Sampled 
in each clock cycle, NMI is accepted when the active 
level lasts for some clock cycles. When the NMI is 
accepted, a number 2 vector interrupt is generated 
after completion of the instruction currently being 
executed. 


The NMI input is also used to release the CPU standby 
mode. 

P07-P0 9; Port 0 

Port 0 is an 8-bit bidirectional I/O port. 
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P17-P19; Port 1 


Lines P17-P14 are individually programmable as an 
input, output, or control function. The status of P13- 
Pilg can be read but these lines are always control 
functions. 


P27-P2p; Port 2 


P27-P29 are the lines of port 2, an 8-bit bidirectional 
I/O port.. These lines can also be used as control 
signals for the on-chip DMA controllers. See table 2-3. 


POLL; Poll 


The POLL input is checked by the POLL instruction. If 
the level is low, execution of the next instruction is 
initiated. If the level is high, the POLL input is checked 
every five clock cycles until the level becomes low. 





The POLL functions are used to synchronize the CPU 
program and the operation of external devices. 


Note: POLL is effective when P14 is specified for the 
input port mode; otherwise, POLL is assumed to 
be at low level when the POLL instruction is 
executed. 


PT0-PT7; Port with Comparator 


The PT input is compared with a threshold voltage that 
is programmable to one of 16 voltage steps individually 
for each of the eight lines. ; 


READY 


After READY is de-asserted low, the CPU will synchro- 
nize and insert at least two wait states into a read or 
write cycle to memory or !/O. This allows the processor 
to accommodate devices whose access times are 
longer than normal execution allows. 


REFRQ; Refresh Request 


This output pulse can refresh nonstatic RAM. It can be 
programmed to meet system specifications and is 
internally synchronized so that refresh cycies do not 
interfere with normal CPU operation. 


RESET 


This input signal is asynchronous. A low on RESET for 
a certain duration resets the CPU and all on-chip 
peripherals regardless of clock operation. The reset 
operation has priority over all other operations. 


The reset signal is used for normal initialization/startup 
and also for releasing the STOP or HALT mode. After 
the reset signal returns high, program execution 
begins from address FFFFOH. 
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R/W; Read/Write Strobe 


When the memory bus cycle is initiated, the R/W signal 
output to external hardware indicates a read (high 
level) or write (low level) cycle. It can also control the 
direction of bidirectional buffers. 


RxD0, RxD1; Receive Data 0, 1 
These pins input data from serial channels 0 and 1. 


In the asynchronous mode, when receive operation is 
enabled, a low level on the RxDO or RxD1 input pin is 
recognized as the start bit and receive operation is 
initiated. 


In the I/O interface mode (channel 0 only), receive data 
is input to the serial register at the rising edge of the 
receive clock. 


SCKO; Serial Clock 


The SCKO output is the transmit clock of serial 
channel 0. 


TCO, TC1; Terminal Count 0, 1 


The TCO and TC1 outputs go low when the terminal 
count of DMA service channels 0 and 1, respectively, 
reach zero, indleating DMA compietion. 


TOUT; Timer Output 


The TOUT signal is a square-wave output from the 
internal timer. 


TxD0, TxD1; Transmit Data 0, 1 
These pins output data from serial channels 0 and 1. 


In the asynchronous mode, the transmit signal is ina 
frame format that consists of a start bit, 7 or 8 data bits 
(least significant bit first), parity bit, and stop bit. The 
TxDO and TxD1 pins become mark state (high level) 
when transmit operation is disabled or when the serial 
register has no transmit data. 


in.the I/O interface mode (channel 0 only), the frame 
has 8 data bits and the most Sonicent bit is transmit- 
ted first. | ; 
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X1, X2; Clock Control 


The frequency of the internal clock generator is con- 
trolled by an external crystal or ceramic resonator 
connected across pins X1 and X2. The crystal fre- 
quency is the same as the clock generator frequency 
fy. By programming the PRC register, the system clock 
frequency fo. is selected as fy divided by 2, 4, or 8. 


As an alternative to the crystal or ceramic resonator, 
the positive and negative phases of an external clock 
(with frequency fx) can be connected to pins X1 
and X2. 


Vpp 
+5-volt power source (two pins). 


VTH 

Comparator port PTO-PT7 uses threshold voltage Vry 
to determine the analog reference points. The actual 
threshold to each comparator line is programmable to 
Vru x n/16 where n = 1 to 16. 

GND 


Ground reference (two pins). 


Ic 


Internal connection; must be tied to Vpp externally 
through a 10-kQ to 20-kQ resistor. 


-UBE, Upper Byte Enable 
UBE is a _a high-order memory bank selection signal 


output. UBE and Ag are used to decide which bytes of 
the data bus will be used. UBE is used along with Ag to’ 
select the even/odd banks as follows. 


Operand BE Ao Number of bus cycles 
Even address word 0 0 1 
Odd address word 0 1 2 
1 0 
Even address byte 1 0 1 
Odd address byte 0 1 1 


4uPD70330/332 (V35). 


Block Diagram 


P29 / DMARQO 
P2, / DMAAKO 

P2,/ TCO 
P24 / DMARQ1 
P24 / DMAAK1 


Programmable 
DMA 


Controller 


Serial 
interface 


Baud Rate 
Generator 


Programmable 
Interrupt 
Controller 


(} 


| 


yore} w6yEns 
yore] BulBeis 


21607] }oNUOD sng 


Internal RAM 


256 byte 


°G 
+ Macro Service » 
Channel 


Instruction Decoder 
Micro Sequencer 
Micro ROM 


TOUT#P15 REFRQ CLKOUT/PO, PO 


Functional Description 
Architectural Enhancements 


The following features enable the yPD70330/332 to 
perform high-speed execution of instructions: 


Dual data bus 

16-/32-bit temporary registers/shifters (TA, TB, 
TA + TB) 

16-bit loop counter (LC) 

Program counter (PC) and prefetch pointer (PFP) 
Internal ROM pass bus (uPD70332 only) 


Dual Data Bus. The 4PD70330/332 has two internal 
16-bit data buses: the main data bus and a subdata bus. 
This reduces the processing time required for addition/ 
subtraction and logical comparison instructions by 
one-third over single-bus systems. The dual data bus 
method allows two operands to be fetched simulta- 
neously from the general-purpose registers and 
transferred to the ALU. 


16-/32-Bit Temporary Registers/Shifters. The 16-bit 
temporary registers/shifters (TA, TB) allow high-speed 
execution of multiplication/division and shift/rotation 
instructions. By using the temporary registers/shifters, 


Pi 





P2 


the uPD70330/332 can execute multiplication/division 
instructions about four times faster than with the 
microprogramming method. 


Loop Counter [LC]. The dedicated hardware loop counter 
counts the number of loops for string operations and 
the number of shifts performed for multiple bit shift/ 
rotation instructions. The loop counter works with 
internal dedicated shifters to speed the processing of 
multiplication/division instructions. 


Program Counter and Prefetch Pointer [PC and PFP]. 
The hardware PC addresses the memory location of 
the instruction to be executed next. The hardware PFP 
addresses the program memory location to be accessed 
next. Several clocks are saved for branch, call, return, 
and break instructions compared with processors 
having only one instruction pointer. 


Internal ROM Pass Bus. The uPD70332 features a 
dedicated data bus between the internal ROM and the 
instruction pre-fetch queue. This allows internal ROM 
opcode fetches to be performed in a single clock cycle 
(200 ns at 5 MHz); it also makes it possible for opcode 
fetches to be performed while the external data bus is 
busy. This feature gives the V35 a 10-20% performance 
increase when executing from the internal ROM. 
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Register Set Figure 1. Register Bank Configuration 
The pwPD70330/70332 CPUs have general purpose . 

register sets compatible with the uPD70108/70116 and Regist ae A 

the uPD70320/70322 microprocessors. Like the 

uPD70320/70322, they also have a set of special function xxEFFH 
registers for controlling the onboard peripherals. All xxEEOH 7 

registers reside in the CPU’s memory space. They are econ 

grouped ina 4K byte block called the internal data area 

(IDA). The 256 byte internal RAM is also in the IDA. The xxEAOH 

addresses of the register are given as offsets into the suceau Banks 0-7 
IDA. The start address of the IDA is set by the Internal 

Data Area Base register (IDB), and may be programmed xxE60H 

to any 4K boundary in the memory address space. Agana 

Register Banks. Because the general purpose register pao 

set is in internal RAM, it is possible to have multiple , 

banks of registers. The u~PD70330/70332 CPU supports xxE00H 

up to 8 register banks. A bit field in the PSW selects fey address; xx = value 
which bank is currently being used. Each bank con- Specified by IDE register 
tains the entire CPU register set plus additional 


information needed for context switching. Register Réateter Bab 
banks may be switched using special instructions 15 

(TSKSW, BRKCS, MOVSPA, MOVSPB), or may switch 
in response to an interrupt. This provides fast context 
switching and fast interrupt handling. During and after 
RESET, register bank 7 is selected. 


Figure 1 shows the configuration of aregister bank and 
how the banks are mapped to internal RAM. The Vector 
PC field contains the value that will be loaded into the 
PC when a register bank switch occurs. The PC Save 
and PSW Save fields contain the values of the PC and 
the PSW just before the banks are switched. The PSW 


is left unmodified after a bank switch; the PSW Save 1Y 


field is used to restore the PSW to its previous state is 
required. 


General-Purpose Registers [AW, BW, CW, DW]. These 
four 16-bit general-purpose registers can also serve as 
independent 8-bit registers (AH, AL, BH, BL, CH, CL, 


DH, DL). The instructions below use general-purpose 
registers for default: 
AW Word multiplication/division, word I/O, data 


AL Byte multiplication/division, byte 1/0, BCD 


A . 7 Reserved 
rotation, data conversion, translation 
inli j ivici tottset from register bank 
AH Byte multiplication/division aay odiraec 
BW Translation 83M-004643 





CW_ Loop control branch, repeat prefix 


CL — Shiftinstructions, rotation instructions, BCD 
operations 


DW Word multiplication/division, indirect address- 
ing I/O 
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Pointers [SP, BP] and Index Registers [IX, IY]. These 
registers are used as 16-bit base pointers or index 


registers in based addressing, indexed addressing, © 


and based indexed addressing. The registers are used 
as default registers under the following conditions: 


SP Stack operations 


IX Block transfer (source), BCD string opera- 
tions 


LY. Block transfer (destination), BCD string 
operations , 


Segment Registers. The segment registers divide the 
1M-byte address space into 64K-byte blocks. Each 
segment register functions as a base address to a 
block; the effective address is an offset from that base. 
Physical addresses are generated by shifting the asso- 
ciated segment register left four binary digits and then 
adding the effective address. The segment registers 
are: 


Segment Register Default Offset 


PS (Program segment) PC 

_ SS (Stack segment) SP, Effective address 
DSO (Data segment-0) IX, Effective address 

DS1 (Data segment-1) lY, Effective address 


During RESET, PS is set to FFFFH; DSO, DS1 and SS 
are set to OOOOH. 


Program Counter [PC]. The PC is a 16-bit binary 
counter that contains the offset address from the 
program segment of the next instruction to be executed. 
it is incremented every time an instruction is received 
from the queue. It is loaded with a new location 
whenever a branch, call, return, break, or interrupt is 
executed. During RESET, PC is set to OOOOH. 
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Program Status Word [PSW]. The PSW contains the 
following status and control flags. 


15 PSW 8 


[a [ree [ror [reo | v [Om] © [ane | 
7 ~ 0 
Ps [z[A [ele] jen] o | 


Status Flags 
V Overflow bit 


Control Flags 
DIR Direction of string 


S__ Sign processing 

Z Zero iE —_— Interrupt enable 
no mtanycany SAK Siete en 
aaa RBn Current register — 
CY Carry bank flags 


BRKI I/O trap enable (see 
software interrupts) 


FO, F1 General-purpose 
user flags 


The eight low-order bits of the PSW can be stored in the 
A4 register and restored by a MOV instruction execu- 
tion. The only way to alter the RBn bits via software is to 
execute an RETRBI or RETI instruction. During RESET, 
PSW is set to FOO2H. The FO and F1 flags may be access- 
ed as bits in the FLAG special functioning register. 


Memory Map 


The uPD70330/332 has a 20-bit address bus that can 


directly access 1M bytes of memory. Figure 2 shows that 
the 16K bytes of internal ROM (uPD70332 only) 
are located at the top of the address space from FCO00H 
to FFFFFH. 


Figure 2. Memory Map 





Eight 128K-Byte 
Memory Banks 
[1M-Byte Memory] 























15 0 
FFFFFH FFFFFH 
Memory Bank FFFFBH 
E0000H 7 
DFFFFH : EFFErR 
FFEFFH 
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60000H 
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40000H 
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20000H 1 
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16K-Byte 
Internal ROM [uPD70322] 
15 87 0 











IDBRegister} 
Use Prohibited 


16,128 Bytes 


512-Byte 
‘5 Internal Data Area 


Special Function 
Registers, 256 Bytes 










256-Byte 
Internal RAM 


1K-Byte 
Vector Area 


15 0 
General-Purpose Vectors 
Special-Purpose Vectors 


32-Byte 
Register Bank 
5 in 0 
IY 








1 


PC Storage 


PSW Storage 
Vector PC 


Eight 8-Byte 
Macro Service Channels 
15 0 
Macro pence Channel 



















8-Byte 
Macro Service Channel. 





Two 8-Byte 
DMA Service Channels _ . 
15 87 0 


xxE0FH Tc1 


xxE08H 
xxE07H 
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Figure 2 shows the internal data area (IDA) is a 256- 
byte internal RAM area followed consecutively by a 
256-byte special function register (SFR) area. All the 
data and control registers for on-chip peripherals and 
I/O are mapped into the SFR area and accessed as 
RAM. For a description of these functions, see table 6. 
The IDA is dynamically relocatable in 4K-byte incre- 
ments by changing the value in the internal data base 
- (IDB) register. Whatever value is in this register will be 
assigned as the uppermost eight bits of the IDA 
address. The IDB register can be accessed from two 
different memory locations, FFFFFH and XXFFFH, 
where XxX is the value in the IDB register. 


On reset, the internal data base register is set to FFH 
which maps the IDA into the internal ROM space. 
However, since the “PD70332 has a separate bus to 
internal ROM, this does not present a problem. When 
these address spaces overlap, program code cannot be 
executed from the IDA and internal ROM locations 
cannot be accessed as data. 


Figure 2 shows that the internal data area is divided into 
2 parts: the 256 byte internal RAM and the special 
function register area. 


The internal RAM area serves various purposes. When 
the RAMEN bitin the Processor Control Register is set, 
this area may be accessed as RAM and code may be 
executed from it. Note that the processor may run 
slower when the RAMEN bit is set. See the Instruction 
Clock Count table. In addition, whether the RAMEN bit 
is on or off, each of the 8 macroservice channels has an 
8 byte control block that is assigned to a fixed location 
in the low 64 bytes of the internal RAM. Similarly, the 
two 8 byte DMA control blocks are assigned to the low 
16 bytes of the RAM. The 8 CPU register banks use 32 
bytes each. Since the RAM can’t be used for more than 
one purpose, there are restrictions on how V35 features 
can be combined. For example, if register bank 0 is 
used, then macroservice channels 0-3 and both DMA 
channels cannot be used. If DMA channel 1 is used, 
then macroservice channel 1 cannot be used. 


The special function register area contains the registers 
used to control the onboard peripheral functions. 
Table 6 shows the SFRs. The address shown in the 
table is an offset from the IDB register. Most SFRs can 
be both read and written, but some are read-only; 
others are write-only. Some SFRs may be accessed 
one bit at a time; others only 8 bits at a time, and some 
SFRs are 16 bits wide. 
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Instructions 


The uPD70330/332 instruction set is fully compatible 
with the V20 native mode instruction set. The V20 
instruction set is a superset of the wPD8086/8088 
instruction set with different execution times and 
mnemonics. 


The uPD70330/332 does not support the V20 8080 
emulation mode. All of the instructions pertaining to 
this have been deleted from the wPD70330/332 in- 
struction set. 


Enhanced Instructions 


In addition to the ~PD8086/88 instructions, the 
UPD70330/332 has the following enhanced instructions. 


Instruction Function 

PUSH imm Pushes immediate data onto stack 

PUSH R Pushes eight general registers onto 
stack 

POP R Pops eight general registers from stack 

MUL imm Executes 16-bit multiply of register or 
memory contents by immediate data 

SHLimm8 _ Shifts/rotates register or memory by 

SHRimm8 immediate value 

SHRA imm8s 

ROL imm8s 

ROR imm8s 

ROLC imm8s 

RORC imm8s 

CHKIND Checks array index against designated 
boundaries 

INM Moves a string from an I/O port to 
memory 

OUTM Moves a string from memory to an 1/O 
port 

PREPARE Allocates an area for a stack frame and 
copies previous frame pointers 

DISPOSE Frees the current stack frame ona 


procedure exit 
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Unique Instructions 


The uPD70330/332 has the following unique 
instructions. 


Instruction Function 


INS Inserts bit field 
EXT Extracts bit field 


ADD4S Performs packed BCD string addition 

SUB4S Performs packed BCD string subtraction 

CMP4S Performs packed BCD string 
comparison 

ROL4 Rotates BCD digit left 

ROR4 Rotates BCD digit right 

TEST1 Tests bit 

SET1 Sets bit 

CLR1 Clears bit 

NOT1 Complements bit 

BTCLR Tests bit; if true, clear and branch 

REPC Repeat while carry set 

REPNC Repeat while carry cleared 


Variable Length Bit Field Operation Instructions 


Bit fields are a variable length data structure that can 
range in length from 1 to 16 bits. The 4PD70330/332 
supports two separate operations on bit fields: insertion 
(INS) and extraction (EXT). There are no restrictions 
on the position of the bit field in memory. Separate 
segment, byte offset, and bit offset registers are used 
for insertion and extraction. Following the execution of 
these instructions, both the byte offset and bit offset 


Figure 3. Bit Field Insertion 


Bit length 
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are left pointing to the start of the next bit field, ready 
for the next operation. Bit field operation instructions 
are powerful and flexible and are therefore highly 
effective for graphics, high-level languages, and packing/ 
unpacking applications. 


Bit field insertion copies the bit field of specified length 
from the AW register to the bit field addressed by 
DS1:IY:reg8 (8-bit general-purpose register). The bit 
field length can be located in any byte register or 
supplied as immediate data. Following execution, both 
the lY and reg8 are updated to point to the start of the 
next bit field. 


Bit field extraction copies the bit field of specified 
length from the bit field addressed by DSO:IX:reg8 to 
the AW register. If the length of the bit field is less than 
16 bits, the bit field is right justified with a zero fill. The 
bit field length can be located in any byte register or 
supplied as immediate data. Following execution, both 
IX and reg8 are updated to point to the start of the next 
bit field. 


Figures 3 and 4 show bit field insertion and bit field 
extraction. 


Packed BCD Instructions 


Packed BCD instructions process packed BCD data 
either as strings (ADD4S, SUB4S, CMP4S) or byte 
format operands (ROR4, ROL4). Packed BCD strings 
may be 1 to 254 digits in length. The two BCD rotation 
instructions perform rotation of asingle BCD digit in 
the lower half of the AL register through the register or 
the memory operand. 


Bit offset Byte offset (IY) 





Memory 


Byte boundary 


Segment base (DS1) 
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Figure 4. Bit Field Extraction 





Bit length 
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Bit offset Byte offset (IX) 
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Bit Manipulation Instructions 


The uPD70330/332 has. five unique bit manipulation 
instructions. The ability to test, set, clear, or comple- 
ment a single bit in a register or memory operand 
increases code readability as well as performance over 
the logical operations traditionally used to manipulate 
bit data. This feature further enhances control over 
* on-chip peripherals. 


Additional Instructions 


Besides the V20 instruction set, the. uPD70330/0332 
has the eight additional instructions described in 
table 1. 


Table 1.. Additional Instructions 


Instruction Function 

BICLR var,imm8, Bit test and if true, clear and branch; 
short label otherwise, no operation 

STOP (no operand) Power down instruction, stops oscillator 


RETRBI (no operand) Return from register bank context switch 


interrupt 


FINT (no operand) Finished interrupt. After completion of a 


hardware interrupt request, this instruction 
must be used to reset the current priority 
bit in the in-service priority register (ISPR).* 


*Do not use with NMI or INTR interrupt service routines. 


Repeat Prefixes 


Two new repeat prefixes (REPC, REPNC) allow con- 
ditional block transfer instructions to use the state of 
the CY flag as the termination condition. This allows 
inequalities to be used when working on ordered data, 
thus increasing performance when searching and 
sorting algorithms. 
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Bank Switch Instructions 


The V35 has four new instructions that allow the 
effective use of the register banks for software interrupts 
and multitasking. These instructions are shown in 
table 2. Also, see figures 8 and 10. 


Table 2. Bank Switch Instructions 


instruction Function 


BRKCS reg 16 Performs a high-speed software interrupt with 
context switch to the register bank indicated 
by the lower 3-bits of reg 16. This operation is 
identical to the interrupt operation shown in 


figure 9. 


Performs a high-speed task switch to the 
register bank indicated by the lower 3-bits of 
reg 16. The PC and PSW are saved in the old 
banks. PC and PSW save registers and the new 
PC and PSW values are retrieved from the new 
register bank's save areas. See figure 10. 


TSKSW reg 16 


MOVSPA Transfers both the SS and SP of the old 
register bank to the new register bank after 
the bank has been switched by an interrupt or 

BRKCS instruction. 
MOVSPB Transfers the SS and the SP of the current 


register bank before the switch to the SS and 
SP of the new register bank indicated by the 
lower 3-bits of reg 16. 


Interrupt Structure 


The wPD70330/332 can service interrupts generated 
both by hardware and by software. Software interrupts 
are serviced through vectored interrupt processing. 
See table 3 for the various types of software interrupts. 


NEC 
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Table 3. Software Interrupts 


Interrupt Description 

Divide error The CPU will trap if a divide error occurs as the 
result of a DIV or DIVU instruction. 

Single step The interrupt is generated after every instruction 
if the BRK bit in the PSW is set. 

Overflow By using the BRKV instruction, an interrupt can be 
generated as the result of an overflow. 

Interrupt The BRK 3 and BRK imm8 instructions can 


instructions generate interrupts. 


The CHKIND instruction will generate an interrupt 
if specified array bounds have been exceeded. 


The CPU will trap on an FP01,2 instruction to 
allow software to emulate the floating point 
processor. 


If the 1/0 trap bit in the PSW is cleared, a trap will 
be generated on every IN or OUT instruction. 
Software can then provide an updated peripheral 
address. This feature allows software 
interchangeability between different systems. 


Array bounds 


Escape trap 


1/0 trap 


When executing software written for another system, it 
is better to implement I/O with on-chip peripherals to 
reduce external hardware requirements. However, 
since 4PD70330/332 internal peripherals are memory 
mapped, software conversion could be difficult. The 
I/O trap feature allows easy conversion from external 
peripherals to on-chip peripherals. 


Interrupt Vectors 


The starting address of the interrupt processing 
routines may be obtained from table 4. The table 
begins at physical address 00H, which is outside the 
internal ROM space. Therefore, external memory is 
required to service these routines. By servicing inter- 
rupts via the macro service function or context 
switching, this requirement can be eliminated. 


Each interrupt vector is four bytes wide. To service 
a vectored interrupt, the lower addressed word is 
transferred to the PC and the upper word to the PS. 
See figure 5. 





Figure 5. Interrupt Vector 0 


PS < (003H, 002H) 
PC <— (001H, 000H) 
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Table 4. Interrupt Vectors 
Address - Vector No. Assigned Use 
00 0 - Divide error 
04 1 Break flag 
08 2 NMI 
0c 3 BRK3 instruction 
10 4 BRKV instruction 
14 5 CHKIND instruction 
18 6 General purpose 
1C 7 FPO instructions 
20-2C 8-14 General purpose 
30 12 INTSERO (Interrupt serial error, channel 0) 
34 13 INTSRO (Interrupt serial receive, channel 0) 
38 14 INTSTO (Interrupt serial transmit, channel 0) 
3C 15 General purpose 
40 16 INTSER1 (Interrupt serial error, channel 1) 
44 17 INTSA1 (Interrupt serial receive, channel 1) 
48 18 INTST1 (Interrupt serial transmit, channel 1) 
4C 19 1/0 trap 
50 20 INTDO (Interrupt from DMA, channel 0) 
. 54 21 INTD1 (Interrupt from DMA, channel 1) 
58 22 General purpose 
5C 23 General purpose 
60 24 INTPO (Interrupt from peripheral 0) 
64 25 INTP1 (Interrupt from peripheral 1) 
68 26 INTP2 (Interrupt from peripheral 2) 
6C 27 General purpose 
70 28 INTTUO (Interrupt from timer unit 0) 
74 29 INTTU1 (Interrupt from timer unit 1) 
78 30 INTTU2 (interrupt from timer unit 2) 
7C 31 INTTB (Interrupt from time base counter) 
080-3FF 32-255 General purpose 
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Execution of a vectored interrupt occurs as follows: 
(SP-1, SP-2) — PSW 
(SP-3, SP-4) <— PS 
(SP-5, SP-6) — PC 
SP < SP-6 
IE -—0, BRK - 0 
PS =< vector high bytes 
PC =< vector low bytes 


Hardware Interrupt Configuration 


The V35 features a high-performance on-chip con- 
troller capable of controlling multiple processing for 
interrupts from up to 17 different sources (5 external, 
12 internal). The interrupt configuration includes 
system interrupts that are functionally compatible with 
those of the V20/V30 and unique high-performance 
microcontroller interrupts. 


Interrupt Sources 


The 17 interrupt sources (table 5) are divided into 
groups for management by the interrupt controller. 
Using software, each of the groups can be assigned a 
priority from 0 (highest) to 7 (lowest). The priority of 
individual interrupts within a group is fixed in hardware. 


Figure 6. 


Interrupt Mode Register (INTM) 






NEC 


If interrupts from different groups occur simultaneously 
and the groups have the same assigned priority level, 
the priority followed will be as shown in the Default 
Priority column of table 5. ° 


The ISPR is an 8-bit SFR; bits PRo-PR7 correspond to 
the eight possible interrupt request priorities. The 
ISPR keeps track of the priority of the interrupt cur- 
rently being. serviced by setting the appropriate bit. 
The address of the ISPR is XXFFCH. The ISPR format 
is shown below. 


[err | Pre[ prs] Pas] Ps] Pra] PA: | Pro 


NMI and INT are system-type external vectored 
interrupts. NMI is not maskable via software. INTR is 
maskable (IE bit in PSW) and requires that an external 
device provide the interrupt vector number. It allows 
expansion by the addition of an external interrupt 
controller (uPD71059). 


NMI, INTPO, and INTP1 are edge-sensitive interrupt 
inputs. By selecting the appropriate bits in the interrupt 
mode register, these inputs can be programmed to be 
either rising or falling edge triggered. ES-ES» corre- 
spond to INTPO-INTP2, respectively. See figure 6. 


Trigger Mode 
Falling Edge 
Rising Edge 
Falling Edge . 
Rising Edge 
alling Edge 





Rising Edge 






Falling Edge 





Rising Edge 
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Table 5. Interrupt Sources 


Priority Order Multiple 

External/ Macro Bank Setting Between Within Processing 
Interrupt Source Internal Vector Service Switching Possible Groups Groups Control 
NMI External 2 No No No 0 —_ Not 
Nonmaskable interrupt < accepted 
INTTUO Internal 28 Yes Yes Yes 1 1 Accepted 
Interrupt from timer 
unit 0 
INTTU1 Internal 29 Yes Yes Yes 1 2 
Interrupt from timer 
unit 1 


INTTU2 Internal 30 Yes Yes Yes 1 3 
Interrupt from timer , 
unit 2 


INTDO Internal 20 No Yes Yes 2 1 Accepted 
Interrupt from DMA 

Le 2 a ee 

INTD1 Internal 21 No Yes Yes 2 2 

Interrupt from DMA 

Ne Se 
INTPO External 24 Yes Yes Yes 3 1 Accepted 
Interrupt from 

peripheral 0 

INTP1 External 25 Yes Yes Yes 3 2 

Interrupt from 
a ee 

INTP2 External 26 Yes Yes Yes 3 3 

Interrupt from 

a SP 
INTSERO Internal 12 No Yes Yes 4 1 Accepted 
Interrupt from serial 

ULE a eee en eer 

INTSRO Internal 13 Yes Yes Yes 4 2 

Interrupt from serial 

receiver of channel 0 

INTSTO Internal 14 Yes Yes Yes 4 3 

Interrupt from serial 

transmitter of channel 0 

INTSER1 Internal 16 No Yes Yes 5 1 Accepted 
Interrupt from serial 

error on channel 1 

INTSR1 Internal 17 Yes Yes Yes 5 2 

Interrupt from serial 

receiver of channel 1 

INTST1 Internal 18 Yes Yes Yes 5 3 


Interrupt from serial 
transmitter of channel 1 





INTTB Internal 31 No No No 6 — Accepted 
Interrupt from time (Preset to 7) 

base counter 

INT External Ext. No No No 7 _ Not 
Interrupt input accepted 
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Interrupt Processing Modes 


Interrupts, with the exception of NMI, INT, and INTTB, 
have high-performance capability and can be pro- 
cessed in any of three modes: standard vectored inter- 
rupt, register bank context switching, or macro service 
function. The processing mode for a given interrupt 
can be chosen by enabling the appropriate bits in the 
corresponding interrupt request control register. As 
shown in table 6, each individual interrupt, with the 
exception of INTR and NMI, has its own associated IRC 
register. The format for all IRC registers is shown in 
figure 7. There is an IRC for every interrupt source 
except NHI and INT. 


All interrupt processing routines other than those for 
NMI and INT must end with the execution of an FINT 
instruction. Otherwise, subsequently, only interrupts 
of a higher priority will be accepted. FINT allows the 
internal interrupt controller to begin looking for new 
interrupts. 


In the vectored interrupt mode, the CPU traps to the 
vector location in the interrupt vector table. 


Figure 7 Interrupt Request Control Registers (IRC) 
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Register Bank Switching 


Register bank context switching allows interrupts to be 
processed rapidly by switching register banks. After an 
interrupt, the new register bank selected is that which 
has the same register bank number (0-7) as the priority 
of the interrupt to be serviced. The PC and PSW are 
automatically stored in the save areas of the. new. 
register bank and the address of the interrupt routine is 
loaded from the vector PC storage location in the new 
register bank. As in the vectored mode, the IE and BRK 
bits in the PSW are cleared to zero. After interrupt 
processing, execution of the RETRBI (return from 
register bank interrupt) returns control to the former 
register bank and restores the former PC and PSW. 
Figures 8 and 9 show register bank context switching 
and register bank return. -* 


Specific IRC registers include the following. 





Symbol IRC Register 
DICO, DIC1 DMA 
EX!ICO-EXIC2 External 
SEICO, SEIC1 Serial error 
SRICO, SRIC1 Serial receive 
STICO, STIC1 Serial transmit 
TMICO-TMIC2 Timer 


i ai care | 


Highest 


ENCS | Context Switch 


[0 _| vectored interrupt Mode 
[1 [Bank Switching id 
Macro Service or Interrupt 

| o | interrupt 

| 1 | Macroservice 
foxwikn| interruptMask 
| 0 “| Mask Open: interrupts Enabled “| 
JxxFn_| InterruptRequestFlag 
Po | NoRequest 

| 1 | interrupt Requested 
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Figure 8. Register Bank Context Switching 


| ty 
| pst 


| Saverc_| 


Vector PC 


| Reserved _| 


Vector PC 
| Reserved _ 
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Figure 9. Register Bank Return 


RBi RBj 
cw | cw 
IY IY 

| Save PC _| 


| Vector PC _| 
| Reserved _| 


| SavePC_ 


Vector PC 
Reserved 
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Macro Service Function 


The macro service function (MSF) is a special micro- 
program that acts as an internal DMA controller be- 
tween on-chip peripherals (special function registers, 
SFR) and memory. The MSF greatly reduces the 
software overhead and CPU time that other processors 
would require for register save processing, register 
returns, and other handling associated with interrupt 
processing. ; 


If the MSF is selected for a particular interrupt, each 
time the request is received, a byte or word of data will 
be transferred between the SFR and memory without 
interrupting the CPU. Each time a request occurs, the 
macro service counter is decremented. When the 
counter reaches zero, an interrupt to the CPU is 
generated. The MSF also has a character search 
option. When selected, every. byte transferred will be 
compared to an 8-bit search character and an interrupt 
will be generated if a match occurs or if the macro 
service counter counts out. 


Like the NMI, INT and INTTB, the two DMA controller 
interrupts (INTDO, INTD1) do nothave MSF capability. 


Figure 10. Task Switching 


CURRENT 


PC Save 
PSW Save 


Reserve 


PSW Save 


IY 
vPC 





VPC: Vector PC 
RB: Register bank field 
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There are eight 8-byte macro service channels mapped 
into internal RAM from XXEOOH to XXE3FH. Figure 11 
shows the components of each channel. 


Setting the macro service mode for a given interrupt 
requires programming the corresponding macro ser- 
vice control register. Each individual interrupt, exclud- 
ing INTR, NMI and TBC, has its own associated MSC 
register. See table 6. Format for all MSC registers is 
shown in figure 12. 


Figure 11. Macro Service Channels 


EF Offset from macro service channel start address. 


+6H Segment value of memory address used 
for data transfer. Memory address 
will be MSS x 16 + MSP. 


Offset value of memory address used 
for data transfer. 


8-bit data compared in character search. 
Offset value of special function register 

address, which is xxFOOH + SFRP. (xx is 
specified by IDB register). 


Number of transfers performed in 
macro service 
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On-Chip Peripherals 
Timer Unit 


The uPD70330/332 (figure 13) has two programmable 
16-bit interval timers (TMO, TM1) on-chip, each with 
variable input clock frequencies. Each of the two 16-bit 
timer registers has an associated 16-bit modulus 
register (MDO, MD1). Timer 0 operates in the interval 
timer mode or one-shot mode; timer 1 has only the 
interval timer mode. 
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Interval Timer Mode. In this mode, TMO/TM1 are 
decremented by the selected input clock and, after 
counting out, the registers are automatically reloaded 
from the modulus registers and counting continues. 
Each time TM1 counts out, interrupts are generated 
through TF1 and TF2 (Timer Flags 1, 2). When TMO 
counts out, an interrupt is generated through TFO. 
The timer-out signal can be used as a square-wave 
output whose half-cycle is equal to the count time. 
There are two selectable input clocks (SCLK: system 
clock = fosc/2; fosc = 10 MHz). 





Clock Timer Resolution Full Count 
SCLK/6_. 1.2 us 78.643 ms 
SCLK/128 25.6 us 1.678 s 


One-Shot Mode. In the one-shot mode, TM0O and MDO 
operate as independent one-shot timers. Starting with 
a preset value, each is decremented to zero. At zero, 
counting ceases and an interrupt is generated by TFO 
(from TMO) or TF1 (from MDO). One-shot mode allows 
two selectable input clocks (fogc = 10 MHz). 





Clock Timer Resolution Full Count 
SCLK/12 2.4 Us 157.283 ms 
SCLK/128 25.6 us 1.678 s 


Setting the desired timer mode requires programming 
the timer control register. See figures 14 and 15 for 
format. 


Time Base Counter/Processor Control Register 


The 20-bit free-running time base counter controls 

internal timing sequences and is available to the user 

as the source of periodic interrupts at lengthy intervals. 
One of four interrupt periods can be selected by pro- 

gramming the TBO and TB1 bits in the processor 

control register (PRC). The TBC interrupt is unlike the 

others in that it is fixed as a level 7 vectored interrupt. 

Macro service and register bank switching cannot be 

used to service this interrupt. See figures 16 and 17. 


The RAMEN bit in the PRC register allows the internal 
RAM to be removed from the memory address space to 
implement faster instruction execution. 


The TBC (figure 18) uses the system clock as the input 
frequency. The system clock can be changed by 
programming the PCKO and PCK‘1 bits in the processor 
control register (PRC). Reset initializes the system 
clock to fosc/8 (fosc = external oscillator frequency). 


NE 


Figure 12. Macro Service Control Registers (MSC) 


* All other combinations are reserved 


Figure 13. Timer Unit Block Diagram 


fScLK 
divided by | 


oe 
128 


Output 
Control 
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Transfer Direction 


From Memory to SFR 
From SFR to Memory 


Transfer Mode 


8-bit Transfer 
16-bit Transfer 
8-bit Transfer with Character Search 
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Figure 14. Timer Control Register 0 


7 6 5 4 


Interval Timer Mode 
One-shot Timer Mode 


Active Level of Tout 
Tout initial level = 0 
ae ar 


TouT initial level 


Enable Timer-Out Signal 


One-shot Mode Modulus Register Clock 

Po [sane 
pa |scuwns 
|_0 | StopModulus RegisterCount_ | 
|_1 | StartModulusRegisterCount_ | 
|mop1 | mopo | TcLk | 

POC h Of. 0 SCLK/6 Interval Timer Mode 
po | o | | scuxnzs 
po | 1 | oo | scikii2one-shotmode | 
Poo fot ft [sciknzs 
Po [Stptimer 
[1 | starttimers 


*Starts and stops TMO in one-shot mode 
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Figure 15. Timer Control Register 1 


TM1 Clock Select 


jo} scuwe 
[o| Stop TM counting 
a 


Start TM1 counting 
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Figure 16. Time Base Interrupt Request Control Register 


Time Base Interrupt Mask Bit 


fo | Unmasked 
[1 | Masked 
[0 | NointerruptGenerated 
[1 | interruptGenerated 
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Figure 17, Processor Control Register (PRC) 
7 6 5 4 3 2 1 0 
[e [ranen Te [© | ve | woo | rom | ren | 
LJ 


pexi | ecko | 
| 0 | tosc2@ 
if sats 
2a < | 





i eee 
ee Ee 
pt | 28itcuk 
re 
peed | Scie = 
| 0 | Disabled 
| 1 | enabled 


49-001395B 





Figure 18. Time Base Counter (TBC) Block Diagram 
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Refresh Controller 


The uPD70330/332 has an on-chip refresh controller 
for dynamic and pseudostatic RAM mass storage 
memories. The refresh controller generates refresh 
addresses and refresh pulses. It inserts refresh cycles 
between the normal CPU bus cycles according to 
refresh specifications. 


The refresh controller outputs a 9-bit refresh address 
on address bits Ao-Ag during the refresh bus cycle. 
Address bits Ag-Ayg are all 1’s. The 9-bit refresh 
address is automatically incremented at every refresh 
timing for 512 row addresses. The 8-bit refresh mode 
(RFM) register (figure 19) specifies the refresh opera- 
tion and allows refresh during both CPU HALT and 


Figure 19. Refresh Mode Register (RFM) 








24 


7 6 5 4 3 2 1 0 
| 


NEC 


HOLD modes. Refresh cycles are automatically timed 
to REFRQ following read/write cycles to minimize the 
effect on system thoughput. 





The following shows the REFRQ pin level in relation to 
bits 4 (RFEN) and 7 (RFLV) of the refresh mode 
register. 


RFEN RFLV REFRQ Level 
0 0 0 
0 1 1 
1 0 0 
1 1 Refresh pulse output 





Lo | tescuk 
pt | szscuk 
| 0 | eascuk 
[1 | iescuk 


Refresh Cycle Wait States 


| RFWo| Number of Wait States | 
Ch ha ae 
ee Ce 
ae eer 
ai] 


e] 


cEErE) EEEEE! 


Refresh During CPU HALT 


Refresh During Hold 


Refresh level output 
to RFSH pin when RFEN = 0 
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Serial Interface 


The wPD70330/332 has two full-duplex UARTs, channel 
0 and channel 1. Each serial port channel has a 
transmit line (TxDn), a receive line (RxDn), and a clear 
to send (CTSn) input line for handshaking. Communi- 
cation is synchronized by a start bit, and you can 
program the ports for even, odd, or no parity, character 
lengths of 7 or 8 bits, and 1 or 2 stop bits. 


The uPD70330/332 has dedicated baud rate generators 
for each serial channel. This eliminates the need to 
obligate the on-chip timers. The baud rate generator 
allows a wide range of data transfer rates (up to 1.25 
Mb/s). This includes all of the standard baud rates 
without being restricted by the value of the particular 
external crystal. 


Each baud rate generator has an 8-bit baud rate 
generator (BRGn) data register, which functions as a 
prescaler to a programmable input clock selected by 
the serial communication control (SCCn) register. 
Together these must be set to generate a frequency 
equivalent to the desired baud rate. 


The baud rate generator can be set to obtain the 
desired transmission rate according to the following 
formula: 


SCLK x 106 


BxG= on+ 1 


where B = baud rate 
G = baud rate generator register (BRGn) 
value 
n = input clock specifications (n between 
0 and 8). This is the value that is loaded 
into the SCCn register. See figure 23. 
SCLK = system clock frequency (MHz) 


Based on the above expression, the following table 
shows the baud rate generator values used to obtain 
standard transmission rates when SCLK = 5 MHz. 





uUPD70330/332 (V35) 

Baud Rate n BRGn Value Error (%) 
110 7 178 0.25 
150 7 130 0.16 
300 6 130 0.16 
600 5 130 0.16 
1200 4 130 0.16 
2400 3 130 0.16 
4800 2 130 0.16 
9600 1 130 0.16 
19,200 0 130 0.16 
38,400 0 65 0.16 
1.25M 0 2 0 


In addition to the asynchronous mode, channel 0 hasa 
synchronous !|/O interface mode. In this mode, each bit 
of data tranferred is synchronized to a serial clock 
(SCKO). This is the same as the NEC wCOM75 and 
uUCOM2®7 series, and allows easy interfacing to these 
devices. Figure 20 is the serial interface block diagram; 
figures 21, 22, and 23 show the three serial communica- 
tion registers. 





DMA Controller 


The 4PD70330/332 has a two-channel, on-chip DMA 
controller. This allows rapid data transfer between 
memory and auxiliary storage devices. The DMA con- 
troller supports four modes of operation, two for 
memory-to-memory transfers and two for transfers 
between !/O and memory. See figures 24, 25, and 26 for 
a graphic representation of the DMA registers. 
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Figure 20. Serial Interface Block Diagram 


Channel 0 


Baud Rate 
Generator 


Channel 1 


Baud Rate 
Generator 
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Figure 21. Serial Communication Mode Register (SCM) 


7 6 5 4 3 2 1 0 
ranov [me | pare | earvo | cutsx [sunscx] wor | moo | 


Notes: 

[1] Only Channel 0 has I/O interface mode. 

[2] When 0 parity is selected, the parity is 0 
during transmit and is ignored during receive. 

[3] Applies only to I/O interface mode. 


1/O Interface {Note 1] 


[Stop Bit LengthRev Clk (Note 3) | 
2 Stop Bits/Int Cik [output on CTSO 
P7BisNoeMect 


8 Bits/Trigger Transmit 


Parity Control 


No Parity 
0 Parity [Note 2] 
Odd Parity 
Receiver Control. 
Disable 
Transmitter Control 
Toisas Cd 


eel eletels| 
BEBE 


pt fo 
oi) 8] 
pols 
Ao] 
ap 


BB 
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Figure 22. Serial Communication Error Registers (SCE) 





Overrun Error Flag 


Overrun has occurred 
Overrun has not occurred 
Framing Error 


Stop bit not detected ~ 
Framing error has not occurred 


Parity Error 


Parity error has occurred 


No parity error has occurred 


RxD Line Status 


RxD Line = 1 
RxD Line = 0 
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Figure 23. Serial Communication Control Register (SCC) 


Input clock for baud 
rate generator 


SCLK/2 


SCLK/16 
SCLK/32 : 


SCLK/128 
SCLK/256 
SCLK/512* 
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* All other combinations after 1000 are illegal 
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Figure 24. DMA Channels 


XXEOEH 


Channel 1 


Channel 0 


XXEOOH 
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Figure 25. DMA Mode Registers (DMAM) 


7 6 5 4 3 2 1 0 
| moe] mos | moo | w | coma | tom | oo | oo | ian 
mpi DMAM1 


Trigger DMA [Note 1] 





Trigger DMA 
Enable DMA [Note 2] 


Disable DMA 
Enable DMA 


Word/byte 


yte Transfers 


Word Transfers 


DMA Mode — 


Single Step (Mem to Mem) 
Demand Release (I/O to Mem) 
Demand Release (Mem to I/O) 
Reserved 

Burst Mode (Mem to Mem) 


Notes: i 
Ti 
{1] Valid only during single-step and burst sings Arenaten So Men) 
modes. 
[2] Cleared when TC = 0; cleared when DMA 


transfer is aborted by NMI. 


Single Transfer (Mem to I/O) 


Reserved 
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Figure 26. DMA Control Registers (DMAC) 





Memory-to-Memory Transfers. |n the single-step 
mode, when one DMA request is made, execution of 
one instruction and one DMA transfer are repeated 
alternately until the prescribed number of DMA trans- 
fers has occurred. Interrupts can be accepted while in 
this mode. In burst mode, a DMA request causes DMA 
transfer cycles to continue until the DMA terminal 
counter decrements to zero. Software can also initiate 
memory-to-memory transfers. 


Transfers Between 1/O and Memory. In single-transfer 
mode, one DMA transfer occurs after each rising edge 
of DMARQ. After the transfer, the bus is returned to the 
CPU. In demand release mode, the rising edge of 
DMARQ enables DMA cycles, which continue as long 
as DMARQ is high. 


In all modes, the TC (terminal count) output pin will 
pulse low and a DMA completion I/O request will be 
generated after the predetermined number of DMA 
cycles has been completed. 


The bottom of internal RAM contains all the necessary 
address information for the designated DMAchannels. 
The DMA channel mnemonics are as follows: 


TC Terminal counter 

SAR Source address register 

SARH Source address register high 
DAR Destination address register 
DARH Destination address register high 


30 


Source Address Increment/Decrement Control 


Source Address not 
Incremented/Decremented 
Increment Source Address 
Decrement Source Address 


Source Address not 
Incremented/Decremented 


Destination Address Increment/Decrement Control 


Destination Address not 
Incremented/Decremented 
Increment Destination 

Address 

Decrement Destination 

Address j : 


Destination Address not 
Incremented/Decremented 


=) 
= 
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The DMA controller generates physical source 
addresses by offsetting SARH 12 bits to the left and 
then adding the SAR. The same procedure is also used 
to generate physical destination addresses. You can 
program the controller to increment or decrement 
source and/or destination addresses independently 
during DMA transfers. 


When the EDMA bit is set, the internal DMARQ flag is 
cleared. Therefore, DMARQs are only recognized after 
the EDMA bit has been set. 


Parallel Ports 


The uPD70330/332 has three 8-bit parallel I1/O ports: 
PO, P1, and P2. Refer to figures 27 through 31. Special 
function register (SFR) locations can access these 
ports. The port lines are individually programmable as 
inputs or outputs. Many of the port lines have dual 
functions as port or control lines. 


Use the associated port mode and port mode control 
registers to select the mode for a given I/O line. 


The analog comparator port (PT) compares each input 
line to a reference voltage. The reference voltage is 
programmable to be the Vt} input x n/16, where n= 1 
to 16. See figure 32. 
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Figure 27. Port Mode Registers 0 and 2 (PMO, PM2) 


Input or 
Output Bit 
Selection 





Figure 29. Port Mode Control Register 0 (PMCO) 





4HPD70330/332 (V35) 


0 | Output Port Mode 
Input Port Mode 


49-001377B 
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Port or Control Lo | Port Mode 
Bit Selection 1 [eukour | 
CLKOUT 


49-001378B 
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Figure 30. Port Mode Control Register 1 (PMC1) 





7 6 5 4 3 2 1 
PMC17 | PMCig | pmcts | PMC1q4 | PMC13 PMC12 PMC14 


Port/Controi Bit Selection 


TOUT Output 


READY Input 
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Figure 31. Port Mode Control Register 2 (PMC2) 


7 6 5 4 3 2 1 0 


Port/Control Bit Selection 
1/0 Port 
DMARQO Input 
; 1/0 Port 
DMAAKO Output ; 
1/0 Port 
1 | TCO Output 
1/O Port 


DMARQ1 Input 
1/0 Port 


DMAAKi Output 


re) 
u 
S 
4 


TCi Output 
1/O Port 
HLDAK Input 
1/O Port 
HLDRQ Output 
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Figure 32. Port Mode Register T (PMT) 
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7 6 5 4 3 2 1 0 
po foo fo fo [pwns | pure | puts | eeto | 


Comparator Port Threshold Selection 





Programmable Wait State Generation 


You can generate wait states internally to further 
reduce the necessity for external hardware. Insertion 
of these wait states allows direct interface to devices 
whose access times cannot meet the CPU read/write 
timing requirements. 


When using this function, the entire 1M-byte memory 
address space is divided into 128K-blocks. Each block 
can be programmed for zero, one, or two wait states, or 
two plus those added by the extenal READY signal. 
The top two blocks are programmed together as one 
unit. 


The appropriate bits in the wait control word (WTC) 
control wait state generation. Programming the upper 
two bits in the wait control word will set the wait state 
conditions for the entire |/O address space. Figure 33 
shows the memory map for programmable wait state 
generation; see figure 34 for a graphic representation 
of the wait control word. 


fofofofo| vmx 
ofofo f+ | vase 
fo fof fo] vmxene 
fofofa [+] vraxsne 
oft folo| vraxene 
o 


FFFFFH 


C0000H 


40000H 


20000H 


0H 





fr [ vixens id 
fo [vixens 
fe [vrs id 
fo [ vmxens 
hr [ ves 
fo] vere 
hve 
fo | vrs 
fe | vrs | 
fo | vrnxine _—_—| 
ro] 


VTH x 15/16 


49-001381B 


49-001351A 
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Standby Modes 


The two low-power standby modes are HALT and 
STOP. Software causes the processor to enter either 
mode. 


HALT Mode. 


In the HALT mode, the processor is inactive and the 
chip consumes much less power than when opera- 
tional. The external oscillator remains functional and 
all peripherals are active. internal status and output 
port line conditions are maintained. Any unmasked 
interrupt can release this mode. In the El state, inter- 
rupts subsequently will be processed in vector mode. 
In the DI state, program execution is restarted with the 
instruction following the HALT instruction. 


STOP Mode. 


The STOP mode allows the largest power reduction 
while maintaining RAM. The oscillator is stopped, 


Figure 34. Wait Control Word 


Wait Control High 
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halting all internal peripherals. Internal status is main- 
tained. Only a reset or NMI can release this mode. 


A standby flag in the SFR area is reset by rises in the 
supply voltage. Its status is maintained during normal 
operation and standby. The STBC register (figure 35) 
is not initialized by RESET. Use the standby flag to 
determine whether program execution is returning 
from standby or from a cold start by setting this flag 
before entering the STOP mode. 


Special Function Registers 


Table 6 shows the special function register mnemonic, 
type, address, reset value, and function. The 8 high- 
order bits of each address (xx) are specified by the IDB 
register. 


SFR area addresses not listed in table 6 are reserved. If 
read, the contents of these addresses are undefined, 
and any write operation will be meaningless. 


7 6 5 4 3 2 1 0 
| wor | 100 | BLK61 BLK60 BLK51 BLK50 BLK41 BLK40 


Wait Control Low 


7 6 5 4 3 2 1 0 
BLK31 BLK30 BLK21 BLK20 BLK11 BLK10 BLKO1 BLKOO 
fn 





Figure 35. Standby Register 


eux [auc [wow +d 
Po | 0 | Nowa 
re ee 
ee ee 
1 | 2 wait Roney | 


49-001394B 


7 6 5 4 3 2 1 0 
Pe NE a | ef te eee ae 
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Standby Flag 
1 | No changes in supply voltage (standby) 
0 | Rising edge on supply voltage (cold start) 


49-001396B 
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Table 6. Special-Function Registers 


Address 
xxFOOH 
XxFO1H 
xxF02H 
xxF08H 
xxFO9H 
xxFOAH 
xxF10H 
XXxFI1H 
xxF12H 
XxF38H 
xxF3BH 
xxF40H 
xxF44H 
XxF45H 
xxF46 

xxF4CH 
xxF4DH 
xxF4EH 
XxF60H 
XxF62H 
xxF65H 
XxF66H 
xxF68H 
xxF69H 
xxF6AH 
XxF6BH 
xxF6CH 
xxF6DH 
XXxF6EH 
xxF70H 
XXF72H 
XXF75H 
xxF76H 


xxF78H 


XXxF79H 
XxF7AH 
xxF7BH 


Register Function 

Port 0 

Port mode 0 

Port mode control 0 

Port 1 

Port mode 1 

Port mode control 4 

Port 2 

Port mode 2 

Port mode control 2 

Port T 

Port mode T 

External interrupt mode 

External interrupt macro service control 0 
External interrupt macro service control 1 
External interrupt macro service control 2 
External interrupt request control 0 
External interrupt request control 1 
External interrupt request control 2 
Receive buffer 0 

Transmit buffer 0 

Serial receive macro service contro! 0 
Serial transmit macro service control 0 
Serial communication mode 0 

Serial communication control 0 

Baud rate generator 0 

Serial communication error 0 

Serial error interrupt request control 0 
Serial receive interrupt request control 0 
Serial transmit interrupt request control 0 
Receive buffer 1 

Transmit buffer 4 

Serial receive macro service control 4 
Serial transmit macro service control 1 
Serial communication mode 1 

Serial communication control 1 

Baud rate generator 1 

Serial communication error 1 


Symbol 
PO 
PMO 
PMCO 
P4 
PM1 
PMC1 


PM2 
PMC2 
PT 
PMT 
INTM 
EMSO 
EMS1 
EMS2 


~ EXICO 


EXICi 
EXIC2 
RxBO 
TxBO 
SRMSO 
STMSO 
SCMO 
scco 
BRGO 
SCEO 
SEICO 
SRICO 
STICO 
RxB1 
TxB1 
SRMS1 
STMS1 
SCM1 
ScC1 
BRG1 
SCE1 


R/W 
R/W 
R/W 
R/W 
R/W 


R/W 
R/W 
R/W 
R/W 
R/W 


R/W 
R/W 
R/W 


R/W 
R/W 
R/W 
R/W 
R/W 
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Manipulation (Bit) 
8/1. 


8/1 


8/1 
8/1 
8/1 
8/1 
8/1 


When RESET 
Undefined 
FFH 

00H 
Undefined 
FFH 

00H 
Undefined 
FFH 

00H 
Undefined 
00H 

00H 
Undefined 


47H 


Undefined 


00H 
47H 


Undefined 


00H 
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Table 6. Special-Function Registers (cont) 


Address 
xxF7CH 
XxF7DH 
xxF7EH 


Serial transmit interrupt request control 4 


XxF80H 
XxF82H 
XxF88H 
xxF8AH 
xxF90H 


Register Function 
Serial error interrupt request control 1 


Timer 0 
Modulo 0 
Timer 1 
Modulo 1 


Symbol 
SEIC1 


Serial receive interrupt request control 1 “SRIC1 


sTic1 
TMO 
MDO 
T™1 
MD 
TMCO 


R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 


Manipulation (Bit) 
8/1 
8/1 
8/1 
16 
16 
16 
6 


NEC 


When RESET 
47H 


Undefined 


Timer control 0 


xXXxF91H 
xxF94H 


Timer macro service control 0 


xxF95H 
xxF96H 


Timer macro service.control 2 


xxF9CH 


Timer control 1 


Timer macro service control 1 


TMC1 
TMMSO 


. TMMS1 


TMMS2 
TMICO 


R/W 
R/W 
R/W 
R/W 
R/W 


8/1 
8/1 
8/1 
8/1 
8/1 


00H 


Undefined 


Timer interrupt request control 0 


xxF9DH 
xxF9EH 
xxFAOH 
xxFA1H 
xxFA2H 
xxFA3H 
xxFACH 
xxFADH 


Timer interrupt request control 1 
Timer interrupt request control 2 
DMA control 0 

DMA mode 0 

DMA control 1 

DMA mode 1 

DMA interrupt request control 0 


TMIC1 
TMIC2 
DMACO 
DMAM0 
DMAC1 
DMAM1 
DICO 
DIC1 


R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 


8/1 
8/1 
8/1 
8/1 
8/1 
8/1 
8/1 
8/1 
8/1 


47H 


- Undefined 


00H 
Undefined 


47H 


DMA interrupt request control 1 2.3 ; 


xxFEOH 


xxFE1H 
xxFE8H 
xxFEAH 


Standby control 


Refresh mode 
Wait control 
User flag (Note 3) 


STBC 


RFM 
WTC 
FLAG 
PRC 


R/W 


R/W 
(Note 1) 


R/W 
R/W 
R/W 


8/1 


8/1 
16/8 
8/1 


Undefined 
(Note 2) 


FCH 
FFFFH 
00H 


Processor control 


xxFEBH 
xXxFECH 


TBIC 


R/W 


8/1 
8/1 


4EH 
47H 


Time base interrupt request control . . 


XxFFCH 


XxFFFH 
FFFFFH 


Notes: 


(1) Each bit of the standby controi register can be set to 1 by an 
instruction; however, once set, bits cannot be reset to 0 by an 


Inservice priority register 
Internal data area base 


instruction (only 1 can be written to this register). 


(2) Upon power-on reset = 00H; other = no change. 
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ISPR 
IDB 


R/W 
R/W 
R/W 


8/1 
8/1 


Undefined 
FFH 


(3) For the user flag register (FLAG), manipulating bits other than 
bits 3 and 5 is meaningless. The contents of user flags 0 and 1 
(FO and F1) of the FLAG register are affected by manipulating FO 


and F1 of the PSW. 
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Absolute Maximum Ratings 


Ta = 25°C 
Supply voltage, Vpp 
Input voltage, V; 
Output voltage, Vo 
Threshold voitage, VTy 


Output current, low; lo. 
Each output pin 
Total 


Output current, high: Ioy 
Each output pin 
Total 


Operating temperature range, Topt 
Storage temperature range, TsTg 


Comment: Exposure to Absolute Maximum Ratings for extended 


0.5 to +7.0V 
0.5 to Vpp + 0.5 V (< +7.0 V) 
0.5 to Vpp + 0.5 V (S +7.0 V) 
—0.5 to Vpp + 0.5 V (< +7.0 V) 


4.0 mA 
50 mA 


—2.0 mA 
—20 mA 


—40 to +85°C 
—65 to +150°C 


' periods may affect device reliability; exceeding the ratings could 


cause permanent damage. 


Comparator Characteristics 
Vpp = +5 V £10%; Ta = —10 to +70°C 


Symbol 
Accuracy VAcomp 
Threshold voltage Vt 


Parameter 


Comparison time 
PT input voltage 


tcomp 
Viet 


Capacitance Characteristics 


Vop = 0V; Ta = 25°C 
Parameter Symbol 
Input capacitance C; 
Output capacitance Co 
1/0 capacitance Cio 


Max Unit 


Limits Test 
Max Unit — Conditions 
+100 =omvV 
Vpp V 
+01 

65 tcyK 
Vop V 
Test 
Conditions 
10 pF of, = 1 MHz; 
oe Mae 


20. ~=—sopF 
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DC Characteristics 
Vpp = +5 V £10%; Ta = —10 to +70°C (Note 1) 


Parameter 


Supply current, 
operating 


Supply current, 
HALT mode 


Supply current, 
STOP mode 


Threshold current 


Input voltage, 
low 


Input voltage, 
high 


Output voltage, 
low 


Output voltage, 
high 
Input current 


Input leakage 
current 


Output leakage 
current 


Data retention 
voltage © 


Notes: 


Limits 
Symbol Min Typ 
Ipp1 50 
65 
Ipp2 20 
25 
Ipp3 10 
ITH 0.5 
Vit 0 
Vii 2.2 
Vino «0.8 x 
Vpp 
VoL 
Vou Vpp 
— 1.0 
lin 
lu 
lo 
VpppR 2.5 


Max 


100 
120 


40 
50 
30 


10 
08 


Vop 


Vop 


0.45 


+20 


+10 


+10 


5.5 


mA 
mA 


mA 
mA 
BA 


mA 
V 


pA 
HA 
uA 


V 


Test 
Conditions 


foLk = 5 MHz 
foLk = 8 MHz 


feL_k =5 MHz 
foLk = 8 MHz 


VrH = 0 to Vpp 


All inputs except 
RESET, P19/NMI, 
X1, X2 


RESET, Pig/NMI, 


lo. = 1.6 mA 
low = —0.4 mA 


EA, Pip/NMI; 

V, =0 to Vpp 

All except EA, 
Pig/NMI: 

V, = 0 to Vpp 


Vo = 0 to Vpp 


(1) The standard operating temperature range is —10 to +70°C. 
However, extended temperature range parts (—40 to +85 °C) are 


available. 
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AC Characteristics 


Vop = +5 V 10%; Ta = —10 to +70°C; CL 





Limits 
Parameter Symbol == Min Max ~~ Unit 
Vpp tise, tayo trvp —«-200 us 
fall time 
Input rise, tir. tip 20 ns 
fall time’ 
Input rise, tins, ties 30 ns 
fall time 
Output rise, tor, tor 20 ns 
fall time — 
Xt cycle time tcyx 98 250 ns 
62 250 ns 
X1 width, low twxe 35 ns 
Se 20 ns 
X1 width, high twxH 35 ns 
20 ns 
X1 rise, tyr: txF 20 ns 
fall time 
CLKOUT cycle teyk 200 2000 ns 
nme 125. 2000—ns 
CLKOUT width, twxL 0.5T — 15 ns 
low 
CLKOUT width, twxH 0.5T- 15 ns 
high 
CLKOUT rise, tkr, tkF 15 ns 
fall time © 
Address delay toKA 90 ns 
time 
Address valid to — tpapr T(n+ 1.5) ns 
input data valid . — 90 
MREQ to tHMRA 0.5T ns 
addresshold time — 30 
MREQ to data tpmMRo T(in+2) ns 
delay —75 
MSTB to data tpmsp T(n+1) ns 
delay —75 
MREQ to MSTB tpwamsrn 1T-35 1T+4+35 os 
delay 
MREOQ width, twmrL = T(n + 2) ns 
low — 30 
MREQ, MSTBto — tua 0.5T ns 
address hold time — 50 
Input data hold tHmp 0 ns 
time 
Next control tscc T-2 ns 
setup time 
MREQ to TC tpmRTc 0.5T+50 ns 
delay time 
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= 100 pF (max) 


Test 
Conditions 


STOP mode 


Except X1, X2, 
RESET, NMI 


RESET, NMI 
(Schmitt) 


Except-CLKOUT 


Note 3 
Note 4 
Note 3 
Note 4 
Note 3 
Note 4 


Note 3 
Note 4 
Note 1 


Note 2 


Parameter: Symbol 
MREQ delay time tpame 
MSTB delay: time tpamsr 
MSTB width, tWMSLR 
low 

Address data tpaDw 
output 

Data output tspm 
setup time 

MSTB write tpAMSW 
delay time — 

MREQ to MSTB — tpyrmsw 
write delay oh, 

time 

MSTB write tWMSLW 
width low 

Data output tHmDW 
hold time 

IOSTB delay time —_tpais 
JOSTB to data tpisp 
input 

IOSTB width, twisL 
low 

Address hold tHISA: 
time 

Input data tHiSDR 
hold time 

Output data tspis 
setup time 

Output data tHIsDW 
hold time 

Next DMARQ tspapa 
setup time- 
DMARGQ hold tHDARO 
time 

DMAAK read tWDMRL 
width, low 

DMAAK write tWDoMWL 
width, low 

DMAAK to TC tppaTc 
delay time 

TC width, low twreL 
REFRQ delay tpARF 
time 

REFRQ width, tWRFL 
low 

Address hold tHRFA 
time 
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Limits 


Min 
0.5T — 30 
T-—30 


T(n + 1) 
— 30 


T(n + 2) 
— 50 


T(n + 0.5) 
— 30 


Max 


0.5T + 50 


T(n + 1) 


-— 35 
T—30 
0.5T — 50 


0.5T — 30 


T(n + 1) 
— 30 


0.5T — 30 


T(n + 1) 
— 50 


0.5T — 30 


T(n + 2.5) 
— 30 


T(n +2) 
— 30 


2T — 30 
0.5T — 30 
T(n + 2) 
— 30 
0.5T — 30 


T(n +1) 
— 90 


0.5T + 50 


Unit 
ns 
ns 


ns 


ns 


ns 


ns - 


ns 


ns 


ns 


ns 


Ans 
ns 


ns 


ns 


Test 
Conditions 


Demand mode 


Demand mode 
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AC Characteristics (cont) 


Limits 


Parameter 
RESET width low 


MREQ, IOSTB to READY 
setup time 


MREQ, IOSTB to READY 
hold time 


Ready setup time 





Ready hold time 
HLDRQ setup time 
HLDAK output delay 


Bus contro! float to 
HLDAK $ 


HLDAK t to control output 
time 

HLDRQ to HLDAK delay 
HLDRQ} to control float 
HLDRQ width, low 
HLDAK width, low 

INTP DMARQ setup 

INTP DMARQ width, high 
INTP. DMARQ width, low 
POLE setup time 

NMI width, high 

NMI width, low 

CTS width, low 

INTR setup time 

TNTAK delay time 

INTR hold time 

INTAK width, low 

TNTAK width, high 
TNTAK to data delay 
INTAK to data hold 
SCKO (TSCK) cycle time 
SCKO (TSCK) width, high 


SCKO (TSCK) width, low 
TxD d 


A); ” 


elay time 


Symbol 
twRsLt 


twrsL2 
tscry 
tuory 


tsRYK 
tHKRY 
tsHak 
tDKHA 
tcFHA 


tDHAC 


tDHQHA 
toHac 
twHaL 
tWHAL 
tsiak 
twidH 
twiaL 
tsPLK 
tWNIH 
tWNIL 
tWeTL 
tsiRK 
toKiA 
tHIAIQ 
tWIAL 
twiAH 
toIAD 
tHIAD 
tcyTk 
tWSTH 
tWsTL 
toTKD 


Min 
30 


3T + 30 
1.5T 


30 
8T 
8T 
30 
5 
5 
2T 
30 


2T — 30 
T—30 


0 
1000 
450 
450 


Max 


T(n — 1) 
— 100 


80 


3T + 160 


80 


2T — 130 
0.5T 


210 


us 


ns 


ns 
ns 
ns 
ns 
ns 


ns 


Test 
Unit Conditions 


ms STOP/ 


POR 


(Power- 
on reset) 


System 


reset 
n=2 


n=2 
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Parameter Symbol 
CTSO (RSCK) cycle time —tcyrx 
CTSO (RSCK) width, high — twsry 
CTSO (RSCK) width, low — tsa 


RxD setup time tSRDK 
RxD hold time tHKRD 
Notes: 


Min 
1000 
420 
420 
80 
80 


(1) T =CPU clock period (tcyx). 
(2) n=number of wait states inserted. 
(3) For 5 MHz parts (uPD70320/322). 


(4) For 10 MHz parts (uPD70320/322-8). 


Supply Current vs Clock Frequency 


Ta = 25°C 
Vop=5V 
Typ. Sample 


Max 














Test 


Unit Conditions 


ns 
ns 
ns 
ns 
ns 




















fcoLk [MHz] 








83-004331A 
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Figure 36. External System Clock Control Source 


Recommended Crystal Configuration External Oscillator Configuration 
10 pF 


10 pF 


Parallel- 
resonant 


Note: crystal 





When using a quartz crystal, it is recommended that 15 pF capacity be used. see aetit 


Resonator and Capacitance Requirements 


Recommended Constants Recommended Constants 
Manufacturer Product Number Cl (pF) C2 (pF) Product Number C1 (pF) C2 (pF) 
Kyocera KBR-10.0M 33 33 , 
Murata Manufacturing CSA.10.0MT 47 47 CSA16.0MX040 30 30 
TDK FCR10.0M2S 30 30 FCR16.0M2S 15 6 
Timing Waveforms 
Stop Mode Data Retention Timing AC Input Waveform 2 (RESET, NMI) 









VDDDR 





10% 


tRvD 


83-004306A 





83-004333A 





AC Input Waveform 1 (Except X1, X2, RESET, NMI) AC Output Test Point (Except CLKOUT) 








83-004305A 83-004307A 





Clock In and Clock Out 


CLKIN1 
[x4] 


CLKOUT 


83-004308B 
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Timing Waveforms (cont) 
Memory Read 


|} B1 —_+__ 2 ——__+——__ 83 ——_} 


tCYK 


CLKOUT 


ADDRESS 


es = “ 


tDMRTC 


83MB-005276B 
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Timing Waveforms (cont) 


Memory Write 


[++ B1 ——___+_ B2 ——__+_ 3 —__| 


CLKOUT 


ADDRESS 


tDMRMSW 


tDMRTC 


83MB-005277B 
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Timing Waveforms (cont) 


1/O Read 


|___ 5 ——_ a2. —__}- —__ 3, —___] 


tCYK 


CLKOUT 


Fo mY 


ADDRESS 


== 
Bre! : 


<—t DMRD 


<—tDMRIS 


83MB-005278B 
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Timing Waveforms (cont) 


I/O Write 


|-—__——_ B1 —___ s2 ——_—__+__ a3 —__ 


tCYK ——> 


ADDRESS 


tDMRIS 


83MB-005279B 
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Timing Waveforms (cont) 


DMA, 1/O to Memory 


San Re ee 


tCYK 


CLKOUT 


ADDRESS 


tDMRTC 


83MB-005280B 
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Timing Waveforms (cont) 


DMA, Memory to I/O 


fac ae 


tCYK 


CLKOUT 


ADDRESS 


83M8-005281B 
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Timing Waveforms (cont) 


Refresh 


|} B1 _——_+——- 2 ——_+_ 83 ——__J 


CLKOUT 


ADDRESS 


83MB-005282B 
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Timing Waveforms (cont) 


RESET 1 





83-004316B 


RESET 2 


tWRSL2 





RESET 





83-004317B 


READY Timing 1 


CLKOUT 


il 


+ tscrY ——> 
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Timing Waveforms (cont) 


READY Timing 2 


ADDRESS 





HLDRQ/HLDAK 1 


CLKOUT 


—— 
Bus contro! * 


LE emmmennsemamenmeneem ( 


——$—<—$____ 
HLDAK 


*A19-Ao, D7-Do, MREQ, MSTB, IOSTB, R/W 


83-004320B 
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Timing Waveforms (cont) 





HLDRQ/HLDAK 2 


CLKOUT 


* 


Bus control 


HLDAK 


“A19-Ao, D7-Do, MREQ, MSTB, (OSTB, R/W 
83-004321B 





-  INTP, DMARQ Input 


CLKOUT 





*INTP2-INTP0, DMARQ1-DMARQO 
x : 83-004322B 


POLL Input 


CLKOUT 





83-004323B 


50 


NEC HPD70330/332 (V35) 


Timing Waveforms (cont) 


NMI Input 





83-004324B | 


CTS Input | 


CLKOUT 


CTS1-CTSO 





83-004325B 


INTR/INTAK 


CLKOUT 


tDKIA tHIAIQ 





83-004326B 
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Timing Waveforms (cont) 


Serial Transmit 


83MB-005283B 





Serial Receive 


83MB-0052848 
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Instruction Set 


Instructions, grouped according to function, are 
described in a table near the end of this data sheet. 
Descriptions include source code, operation, opcode, 
number of bytes, and flag status. Supplementary 
information applicable to the instruction set is con- 
tained in the following tables. 


Symbols and Abbreviations 
Flag Symbols 


8- and 16-Bit Registers. When mod = 11, the register 
is specified in the operation code by the byte/word 
operand (W = 0/1) and reg (000 to 111). 


Segment Registers. The segment register is speci- 
fied in the operation code by sreg (00, 01, 10, or 11). 


Memory Addressing. The memory addressing mode 
is specified in the operation code by mod (00, 01, or 
10) and mem (000 through 111). 


instruction Clock Count. This table gives formulas 
for calculating the number of clock cycles occupied 
by each type of instruction. The formulas, which 
depend on byte/word operand and RAM enable/dis- 
able, have variables such as EA (effective address), 
W (wait states), and n (iterations or string instruc- 
tions). 


Symbols and Abbreviations 


Identifier Description 

reg 8- or 16-bit general-purpose register 
reg8 8-bit general-purpose register 

regi6 16-bit general-purpose register 

dmem 8- or 16-bit direct memory location 
mem 8- or 16-bit memory location 

memés 8-bit memory location 

mem16 16-bit memory location 

mem32 32-bit memory location 

sfr 8-bit special function register location 
imm Constant (0 to FFFFH) 

imm16 Constant (0 to FFFFH) 

imm8 Constant (0 to FFH) 

imm4 - Constant (0 to FH) 

imm3 Constant (0 to 7) 

acc AW or AL register 

sreg Segment register 

src-table Name of 256-byte translation table 
src-block Name of block addressed by the IX register 


Identifier 
dst-block 
near-proc 
far-proc 
near-label 
short-label 


far-label 
memptr16 


memptr32 


regptri6 


pop-value 


fp-op 


R 

W 
reg 
mem 
mod 
S:W 


Description 

Name of block addressed by the IY register 
Procedure within the current._program segment 
Procedure located in another program segment 
Label in the current program segment 


Label between —128 and +127 bytes from the end 
of instruction 


Label in another program segment 


Word containing the offset of the memory location 
within the current program segment to which control 
is to be transferred 


Double word containing the offset and segment base 
address of the memory location to which control is to 
be transferred 


16-bit register containing the offset of the memory 
location within the program segment to which control 
is to be transferred 


Number of bytes of the stack to be discarded (0 to 
64K bytes, usually even addresses) 


Immediate data to identify the instruction code of the 
external floating point operation 


Register set 

Word/byte field (0 to 1) 
Register field (000 to 111) 
Memory field (000 to 111) 
Mode field (00 to 10) 


When S:W = 01 or 11, data = 16 bits. At all 
other times, data = 8 bits. 





X, XXX, YYY, ZZZ Data to identify the instruction code of the 


AW 
AH 
AL 
BP 
BW 
BH 
BL 
CW 
CH 
CL 
DW 
DH 
DL 
SP 
PC 
PSW 


external floating point arithmetic chip 
Accumulator (16 bits) 
Accumulator (high byte) 
Accumulator (low byte) 

Base pointer register (16 bits) 
BW register (16 bits) 

BW register (high byte) 

BW register (low byte) 

CW register (16 bits) 

CW register (high byte) 

CW register (low byte) 

DW register (16 bits) 

DW register (high byte) 

DW register (low byte) 

Stack pointer (16 bits) 
Program counter (16 bits) 
Program status word (16 bits) 
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Symbols and Abbreviations (cont) 


Identifier 
IX 

ly 

PS 

SS 

DSo 

DS, 

AC 

CY 

P 

$ 

Z 

DIR 

iE 

V 

BRK 

MD 

(...) 

disp 
ext-disp8 


temp 
tmpcy 
seg 
offset 


— 


+ 


X 

% 

AND 
OR 
XOR 
XXH 
XXXXH 
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Description 

Index register (source) (16 bits) 
Index register (destination) (16 bits) 
Program segment register (16 bits) 
Stack segment register (16 bits) 
Data segment 0 register (16 bits) 
Data segment 1 register (16 bits) 
Auxiliary carry flag 

Carry flag 

Parity flag 

Sign flag 

Zero flag 

Direction flag 

Interrupt enable flag 

Overflow flag 

Break flag 

Mode flag 

Values in parentheses are memory contents 
Displacement (8 or 16 bits) 


16-bit displacement (sign-extension byte 
+ 8-bit displacement) 


Temporary register (8/16/32 bits) 
Temporary carry flag (1-bit) 
Immediate segment data (16 bits) 
Immediate offset data (16_bits) 
Transfer direction 

Addition 

Subtraction 

Multiplication 

Division 

Modulo 

Logical product 

Logical sum 

Exclusive logical sum 

Two-digit hexadecimal value 
Four-digit hexadecimal value 


Flag Symbols 


Identifier 
(blank). ° 
0 


D|cl| <|—- 


8- and 16-Bit Registers (mod = 11) 


Description 


No change 
Cleared to 0 
Set to 1 

Set or cleared according to the‘result 
Undefined 
Value saved earlier is restored 


reg W=0 . 

000 AL 

001 CL 

010 DL 

011 BL 

100 AH 

101 CH 

110 DH 

111 BH 

Segment Registers 

sreg Register 

00 DS; 

01 PS 

10 Ss 

11 DSo 

Memory Addressing 

mem mod = 00 mod = 01 

000 BW + IX BW + IX + disp8 
001 BW +IY BW + IY + disp8 
010 BP:+ IX BP + IX + disp8 
011 BP +lY BP + lY + disp8 
100 iX IX + disp8 

101 lY lY + disp8 

110 Direct BP + disp8 

111 BW BW + disp8 


NEC 


mod = 10 

BW + IX + disp16 
BW +1Y + disp16 
BP + IX + disp16 
BP + lY + disp16 
iX + dispi6 

lY + disp16 


‘BP + dispi6 


BW + dispi6 


NEC 


Instruction Clock Count 


Mnemonic Operand Clocks Mnemonic 
ADD reg8, reg8 2 BRK 
reg 16, ,reg16 2 
reg8, mems EA+/+W BRKCS 
reg 16, mem16 EA+/7+W BRKV 
mem8, reg8 EA+10+2W [EA+7+W] BICLR 
mem16, reg16 EA+10+2W [EA+7+W] 
reg8, imm8 5 BUSEDOK 
reg 16, imm8 5 CALL 
reg 16, imm16 6 , 
memé, imm8 EA+11+2W [EA+9+2W] 
memi6, imm8 EA+9+2W [EA+7+2W] 
mem16, imm16 EA+12+2W [EA+8+2W] 
AL, imm8 5 CHKIND 
AW, imm16 6 ‘ CLRI 
ADD4S 22+(30+3W)n [22+(28+-3W)n] 
ADDC Same as ADD 
ADJ4A 9 
ADJ4S 9 
ADJBA 17 
ADJBS 17 
AND reg8, reg8 2 
reg 16, regi6 2° 
reg8, mem8 EA+/+W CMP 
reg16, mem16 EA+7+W 
memé, reg8 EA+10+2W [EA+7+W] 
mem16, regi6 EA+10+2W [EA+7+W] 
reg8, immé © 5 
reg 16, imm16 6 
memé, imms EA+11+2W [EA+9+2W] 
mem16, imm16 EA+12+2W [EA+8+2W] 
Bcond (conditional branch) 8 or 15 
BCWZ 8 or 15 
BR near-label 12 
short-label 12 
regptr16 13 
memptr16" EA+16-+W CMP4S 
far-label 15 
memptr32 EA+23+2W CMPBK 
Notes: 


(1) If the number of clocks is not the same for RAM-enabled and 
RAM disabled conditions, the RAM enabled value.is listed first, 
followed by the RAM disabled value in brackets; for example, 


EA+8+2W [EA+6+W}. 


(2) Symbols in the Clocks column are defined as follows. 


EA = additional clock cycles required for calculation of the 


effective address 


= 3 (mod 00 or 01) or 4 (mod 10) 


W = number of wait states selected by the WTC register 


n = number of iterations or string instructions 





uUPD70330/332 (V35) 
Operand Clocks 
3 50+5W [38+5W] 
imm8 51+5W [39+5W] 
6 
50+5W [38+5W] 
29 
2 
near-proc 21+W [17+W] 
regptr16 21+W [17+W] 
memptr16 EA+24-+2W [EA+22+2W] 
far-proc 36+2W [32+2W] 
memptr32 EA+32+4W [EA+20+4W] 
EA+24+-2W 
CY 2 
DIR 2 
reg8, CL 8 
reg16, CL 8 
memé, CL EA+16+2W [EA+13+W] 
memi6, CL EA+16+2W [EA+13+W] 
reg8, imm3 tS 
regi6, imm4 7 
memé, imm3 EA+13+2W [EA+10+W] 
mem16, imm4 EA+13+2W [EA+9+W] 
reg8, reg8 2 
reg16, regi6 2° 
reg8, mem8 EA+7+W 
regi6, mem16 EA+/+W 
memé, reg8 EA+/7+W 
memi16, reg16 EA+/+W 
reg8, imm8 5 
regi6, imm8 5 
regi6, imm16 6 
memés, imm8 EA+8+W 
mem16, imm8 EA+9+W 
mem16, imm16 EA+9+W 
AL, imm8 5 
AW, imm16 6 
. 22+(25+2W)n 
mem8s, memé- 25+2W [21+2W] 


mem16, mem16 


25+2W [19+2W] 
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Instruction Clock Count (cont) 


Mnemonic Operand 

CMPBKB 

CMPBKW 

CMPM mems8 
memi6 

CMPMB 

CMPMW 

CVTBD 

CVTBW 

CVTDB 

CVTWL 

DBNZ 

DBNZE 

DBNZNE 

DEC regs - 
regi6 
mems 
mem16 

DI 

DISPOSE 

DIV AW, reg8 
AW, mem8 
DW: AW, regi6 
DW: AW, mem16 

DIVU AW, reg8 
AW, mem8 
DW: AW, reg16 
DW: AW, mem16 

DSO: 

DS1: 

El 

EXT reg8, reg8 
reg8, imm4 

FINT 

FPO1 

FPO2 

HALT 

IN AL, imm8 
AW, imm8 
AL, DW 
AW, DW 

INC reg8 
regi6 
memés 
mem16 
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Clocks Mnemonic 
16+(23-+2W)n INM 
16+(23+2W)n 
"18+W 

194+2W 

16+(16-4W)n INS 
16+(16+2W)n iDEA 
19 LDM 

3 

20 LDMB 
8 LDMW 
8 or 17 

8 or 17 

5 

2 


EA+13+2W [EA+11+2W] 
EA+13+2W [EA+9+2W] 


4 
11+W 


46-56 
EA+49+W to EA+59+W 


54-64 
EA+57+W to EA+67+W 


31 
EA+34+W 


39 
EA+43+2W 


2 
2 
12 


41-121 
42-122 MOVBK © 


2 
55+5W [43+5W] 


55+5W [43+5W] 
N/A MOVSPA 


15+W MOVSPB 
b+W MUL 


14+4W 
144+W 


5 
2 


EA+13+2W [EA+13+2W] 
EA+13+2W [EA+9+2W] 


MOVBKB 
MOVBKW 


Operand 


mem8, DW 
memi6, DW 


mem8, DW 
mem16, DW 


reg8, reg8 
reg8, imm4 


mems 
mem16 
memi6 


. mMems 


reg8, reg8 
regi6, regié 
reg8, mem8 
regi6, mem16 
memé, reg8 
mem16, regi6 
reg8, imm8 
regi6, imm16 
memé, imms 
mem16, imm16 
AL, dmem8 
AW, dmem16 
dmemé, AL 
dmemi6, AW 
sreg, regi6 
sreg, mem16 
regi6, sreg 
mem16, sreg 


AH, PSW 
PSW, AH 


DSO, regi6, memptr32 
DS1, reg16, memptr32 


mem8, mem8 
memi6, mem16 


mem8s, mem8 
memi6, mem16 


AW, AL, reg8 
AW, AL, mem8 


DW: AW, AW, reg16 
DW: AW, AW, mem16 
regi6, regi6, imm8s 
regi6, mem16, imm8 
reg16, regi6, imm16 
regi6, mem16, immi6 


NEC 


214+2W [19+2W] 
19+2W [15+2W] 


18+(15+2W)n (18+(13+2W)n] 
1B+(13+2W)n [18-+(9+2W)n] 


63-155 
64-156 


EA+2 
13+W 
16-+(11-+-W)n 
13+W 
16+(10-+W)n 


2 
2 


EA+/+W 
EA+7+W 


EA+5+W [EA+2] 
EA+5+W [EA+2] 


5 
6 


EA+6-+W 
EA+6+W 


10+W 
10-+W 


8+W [5] 
8+W [5] 


4 
EA+9+-2W 


3 
EA+6+2W [EA+3] 


2 
3 


EA+17+2W 
EA+17+2W 


22-+-2W [17+W] 
22-+42W [17+3W] 


16-+(18+2W)n [16+(13+W)n] 
16+(18+2W)n [16-+(10+W)n] 
16 
11 


31-40 
EA+34+W to EA+43+W 


39-48 

EA+42+W to EA+5S1+W 
39-49 

EA+42+W to EA+52-+W 
40-50 

EA+43+W to EA+53-+W 


NEC 


uPD70330/332 (V35) 





Instruction Clock Count (cont) 


Mnemonic 
MULU 


NEG 


NOP 
NOT 


NOT1 


OR 


OUT 


OUTM 


POLL 
POP 


Operand 


reg8 
mem8 


regi6 
memi6 


reg8 
regi6 


mems 
mem16 


reg8 
regi6 


mems 
mem16 


CY 


reg8, CL 
regi6, CL 


memé, CL 
memi16, CL 


reg8, imm3 
regi6, imm4 


mem8, imm3 
mem16, imm4 


reg8, reg8 
reg 16, regi6 


reg8, mem8 
regi6, mem16 


memé, reg8 
mem16, regi6 


reg8, imm8 
reg 16, immi16 


meme, imm8 
mem16, imm16 


AL, imm8 
AW, imm16 


imm8, AL 
imm8, AW 


DW, AL 
DW, AW 


DW, mem8 
DW, mem16 


DW, mem8 
DW, mem16 


regi6 
mem16 


DS1 
$S 


DSO 
PSW 


R 


Clocks 


24 
EA+27+W 


32 
EA+33+W 


5 
5 


EA+13+2W 
EA+13+2W 


4 


5 
5 


EA+13+2W 
FA+13+2W 


2 


7 
7 


EA+15+2W 
EA+15+2W 


6 
6 


EA+12+2W 
EA+12+2W 


2 
2 


EA+7+W 
EA+7+W 


EA+10+2W 
EA+10+2W 


5 
6 


EA+11+2W 
EA+12+2W 


5 
6 


11+W 
S+W 


10+W 
8+W 


[EA+10+W] 
[EA+10+W] 


[EA+10+W] 
[EA+10+W] 


[EA+12+W] 
[EA-+12+W] 


[EA+9+W] 
[EA+9+W] 


[EA+7+W] 
[EA+7+W] 


[EA+9+2W] 
[EA+8+2W] 


21+2W [19+2W] 


21+4W [17+4W] 


18+(15+2W)n [18+(18+2W)n] 
18+(13+2W)n [18+9+2W)n] 


N/A 


11+W 
EA+14+2W [EA+11+W] 


12+W 
12+W 


12+W 
B+W 


74+8W [58] 


Mnemonic 
PREPARE 


PS: 
PUSH 


REP 
REPE 
REPZ 
REPC 
REPNC 
REPNE 
REPNZ 
RET 


RETI 
RETRBI 
ROL 


ROL4 


ROLC 
ROR 
ROR4 


RORG 
SET1 





Operand 
imm16, imm8s 


regi6 
mem16 


DS1 
PS 


SS 
DSO 


PSW 


imm8 
imm16 


null 
pop-value 


null 
pop-value 


reg8, 1 
regi6, 1 
memé, 1 
mem16, 1 
reg8, CL 
regi6, CL 
mem, CL 
mem16, CL 
reg8, imm8 
reg16, imm8 
memé, imm8 
mem16, imm8 
reg8 

mem8 


reg8 
mems 


CY 
DIR 


Clocks 


immé8 = 0: 26+W 
imm8 = 1: 37-+2W 
imm8 = n > 1: 44+19 (n—1)+2nW 


2 


13+W [9+W] 
EA+16+2W [EA+12-+2W] 


10+W [7] 
10+W [7] 


10+W [7] 
10+W [7] 


9+W [6] 
74+8W [50] 


 12+W [9] 
18+W [10] 


2 


NO] MO] MO] MM] Mm 


2 


19+W 
19+W 


27+2W 
28+W 


40+3W [34+W] 
12 


8 
8 


EA+16+2W [EA+13+W] 
EA+16+2W [EA+13+W] 


1+2n 
1+2n 


EA+19+2W+2n [EA+16+W+2n] 
EA+19+2W+2n [EA+16+W+2n] 


9+2n 
9+2n 


EA+15+2W+2n [EA+12+W+2n] 
EA+15+2W+2n [EA+12+W-+2n] 


7 
EA+20+2W [EA+18+2W] 


Same as ROL 
Same as ROL 


21 
EA+26+2W [EA+24+2W] 


Same as ROL 


2 
2 
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Instruction Clock. Count (cont). 


Mnemonic Operand Clocks Mnemenic Operand Clocks 
XCH reg8, reg8 3 
SET1 (cont) reg8, CL 7 
regi6, CL 7 regi6, regié 3 
. reg8, mem8 EA+12+2W [EA+9+W] 
memé, CL EA+15+2W [EA+12+W] 
memi6, CL EAHIS+2W [EAI2+W] eu eM sae ae) 
rege, imma 6 memég, reg8 EA+12+2W [EA+9+W] 
reqi6, immd 6 mem16, reg16 —EA+I2+2W [EA+9+W] 
mem8, imm3 EA+12+2W [EA+9+W] Hg : 
mem16, imm4 EA+12+2W [EA+9+W] a”: 
SHL Same as ROL XOR Same as AND 
SHR Same as ROL 
SHRA Same as ROL 
SS: 2 
STM mem8 13+W [10] 
mem16 B+W [10] 
STMB mem8 16-+(9+W)n [16+(7+W)n] 
STMW mem16 16+(9+W)n [16+(5+W)n] 
STOP N/A 
SUB Same as ADD 
_ SUB4S 22+(30+3W)n [22+(28+3W)n] 
SUBC Same as ADD 
TEST reg8, reg8 4 
reg16, regi6 4 
reg8, mem8 EA+12+W 
regi6, mem16 EA+11+2W 
memé, reg8 EA+12+W 
memi16, regi6 EA+11+2W 
reg8, imm8 7 
regi6, imm16 8 
mems, immé . EA+9+W 
memi6, imm16 - ~ EA+10+-W 
AL, imm8 5 
AW, imm16 a: 
TEST1 reg8, CL 7 
a reg 16, CL 7 
memé, CL EA+12+W 
memi6, CL EA+12+W 
reg8, imm3 6 
regi6, imm4 6 
memé, imm3 EA+9+W 
memi6, imm4 EA+9+W 
TRANS 11+W 
TRANSB 1+W 


TSKSW 20 
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Instruction Clock Count for Operations 


Context switch interrupt 
DMA (Single-step mode) 


RAM Enable 


20 + 2W 
10 + 15n 


RAM Disable 


20 + 2W 


RAM Enable 
33 
20 + 2W 


Word 


RAM Disable 
33 
20 + 2W 


uPD70330/332 (V35) 


DMA (Demandreleasemode) = 10+ 15M 1 THN 10+ TSN 10+ TE (min) 


DMA (Burst mode) 

DMA (Single-transfer mode) 

Interrupt (INT pin) 

Macro service, sfr — mem 

Macro service, mem - sfr 

Macro service (Search char mode), sfr — mem 
Macro service (Search char mode), mem <— sfr 
Priority interrupt (Vectored mode) 

NMI (Vectored mode) 


13 + (12 + 2W)n 
17+W 
31+W 
28+ W 
34+ W 
44 +W 


W = number of wait states inserted into external bus cycle 


n= number of iterations 


Clocks 


Interrupt Latency 

Source Typ 
NMI pin 12+N 
INT pin 8+N 
All others 27 +N 


N=number of clocks to complete the instruction currently executing 


Max 
18+N 
8+N 
15+N 


10 + 15n 
13 + (12 + 2W)n 
17 +W 
26+ W 
27+W 
34+W 
44+W 


10 + 15n 

13 + (12 + 2W)n 
17+W 
57 + 3W 
31 +W 
28 + W 


55 + 5W 
53 + SW 


10 + 15n (min) 
13 + (12 + 2W)n 
17+W 
45 + 3W 
26 + W 
27+W 


55 + 5W 
53 + 5W 


59 
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Instruction Set 


Operand 


Data Transfer 


MOV 


LDEA 
TRANS 
XCH 


reg, reg 
mem, reg 
reg, mem 
mem, imm 
reg, imm 
acc, dmem 


dmem, acc 


sreg, reg16 
sreg, memi6 
regi6, sreg 
mem16, sreg 


DSO, reg16, 
mem32- 


DS1, regi6, 
mem32 


AH, PSW 
PSW, AH 
regi6, mem16 
src-table 

reg, reg 

mem, reg 

or reg, mem 


AW, regi6 
or regi6, AW 


Repeat Prefixes 


REPC 


REPNC 


Operation 


reg <— reg 
(mem) <— reg 
reg <— (mem) 
(mem) <- imm 
reg <— imm 


When W = 0 AL <— (dmem) 
When W = 1 AH <— (dmem + 1), AL <—— (dmem) 


When W = 0 (dmem) <— AL 
When W = 1 (dmem + 1) <— AH, (dmem) <— AL 


sreg <— reg16 sreg : SS, DSO, DS1 
sreg <— (mem16) sreg : SS, DSO, DS1 
reg16 <— sreg 

(mem16) <— sreg 


regi6 <— (mem32) 
DSO <— (mem32 + 2) 


regi6 <- (mem32) 
DS1 <—— (mem32 + 2) 


AH <—§, Z, x, AC, x, P, x, CY 
S, Z, x, AC, x, P, x, CY <— AH 
regi6 <— mem16 

AL < (BW + AL) 

reg <—> reg 

(mem) <—— reg 


AW <— reg16 


While CW + 0, the next byte of the primitive block 


transfer instruction is executed and CW is 
decremented (— 1). If there is a waiting interrupt, 
it is processed. When CY + 1, exit the loop. 


While CW # 0, the next byte of the primitive block 
transfer instruction is executed and CW is 
decremented (— 1). If there is a waiting interrupt, 
it is processed. When CY +0, exit the loop. 


Operation Code 
765 4 3 


SS ee, ee 
o;o;-|o!]|o!|o 
mA} e|Oo};]o|o!]o 
Oo; |} o;lo};o|!|o 
o|slo;-/-|- 


— 
Oo 
_ 
Oo 
Oo 


eS ee ee 
—~|o}o!]o!]o 
Oo};olo!;o|!|e 
Oo};/o!l|o!;o!|o 
@i a] af aw] ao 


_ 
as 
oO 
i—] 
Qo 


TT ee ee ee eo 
CO1}o|—)]/oOo!]|co|a 
ol/o!lo|!|o;o!|o 
o}|o;]—+|o]—] = 
oO;o;o;—|] it~ 


—| Oo} o|o 


ee ae ee eS 


a ne ee ee ee ee 


eo; eo;yo!;o;—|— 


—~l le) alo] a] oe 


Silesia foHl| ol; a 


reg 


—~/O!lo!]| ao! oe 


7 6 


11 
mod 
mod 
mod 


11 
mod 
11 
mod 
mod 


mod 


mod 


11 
mod 


543210 
reg reg 
reg mem 
reg mem 

0 00 mem 

0 sreg reg 

0 sreg mem 

0 = sreg reg 

0 sreg mem 
reg mem 
reg mem 
reg mem 
reg reg 
reg mem 


No. of 
Bytes AC CY 


2-4 
2-4 
3-6 
2-3 


2-4 


2-4 
2-4 


2-4 


Flags 
VPS Z 


xX 
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Instruction Set (cont) 


Mnemonic Operand 
Repeat Prefixes (cont) 


REP 
REPE 
REPZ 


REPNE 
REPNZ 


Primitive Block Transfer 
MOVBK dst-block, 


src-block 
CMPBK sre-block, 

dst-block 
CMPM dst-block 
LDM src-block 
STM dst-block 
Bit Field Transfer 
INS reg8, reg8 

reg8, imm4 


Operation 


While CW + 0, the next byte of the primitive block 
transfer instruction is executed and CW is 
decremented (— 1). If there is a waiting interrupt, it is 
processed. If the primitive block transfer instruction 
is CMPBK or CMPM and Z + 1, exit the loop. 


While CW + 0, the next byte of the primitive block 
transfer instruction is executed and CW is 
decremented (— 1). If there is a waiting interrupt, it is 
processed. If the primitive block transfer instruction 
is CMPBK or CMPM and Z + 0, exit the loop. 


When W = 0 (IY) <— (IX) 

DIR = 0: IX <—1X+1, IY <-lY +1 
DIR = 1: 1X —IX—-1,1¥ —lY¥ -1 
When W = 1 (IY + 1, IY) <— (IX +1, IX) 
DIR = 0: IX — IX +2, 1¥ —I¥ +2 
DIR = 1: 1X <—— IX — 2, 1¥ <-l¥—2 


When W = 0 (IX) — (IY) 
DIR = 0: 1X <—IX+ 1, IY —l¥ +1 
DIR = 1: IX <—- IX—1, IY —l¥ —1 
When W = 1 (IX + 1, IX) — (IY +1, IY) 
DIR = 0: IX —IX+2,1IY —I1¥ +2 
DIR = 1: IX <— IX — 2, Y —l¥ —2 


When W = 0 AL — (IY) 

DIR = 0: 1¥ <——lY + 1; DIR = 1: 1¥ <—lY —-1 
When W = 1 AW — (IY +1, IY) 

DIR = 0: 1¥Y — IY +2; DIR=1: IY —lY¥—-2 


When W = 0 AL <— (IX) 

DIR = 0: IX <— IX + 1; DIR = 1: IX —IX-1 
When W = 1 AW < (IX + 1, IX) 

DIR = 0: IX <— IX + 2; DIR = 1: IX — IX-—2 


When W = 0 (IY) <- AL 

DIR = 0: 1Y <— lY + 1; DIR=1:1¥Y —lY—-1 
When W = 1 (IY +1, IY) <— AW 

DIR = 0: IY —1¥ +2; DIR=1:1Y —lY—2 


16-Bit field <— AW 


16-Bit field <—- AW 


Operation Code 
765 4 3 


111410 


11110 


001 
reg 


0 
0 


—o|—~ © 
— O| = © 
oo 
o-_— 


as 





1076543210 


11003110001 
reg 


11003111001 
reg 


No. of 


Flags 


9 
Byles AC CY V P § Z 


1 xXx xX 
1 xXx x 
1 
1 
3 
4 


X X X X 


XxX X X X 


OHN 
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Instruction Set (cont) 





Operation Code -- No.of =- 
diner Onerand Operation 76543210765 43210 Bytes AC cy v *p § 7: 
Bit Field Transfer (cont) 
EXT reg8, reg8 AW <— 16-Bit field 000011110011001 4 3 
ann 11 reg reg 
reg8, imm4 ; AW <— 16-Bit field 0000134111 1001411101 41 4 
1100 0~— reg 
1/0 : 
IN acc, imm8 When W = 0 AL < (imm8) _ 1110010 W 2 
When W = 1 AH <— (imm8 + 1), AL <— (immés) 
acc, DW WhenW=0AL<—(DW) 1110%1%310W 1 
- ; When W = 1 AH <— (DW + 1), AL <— (DW) 
OUT: -- ~— immé8, acc - When W = 0 (imm8) <— AL 11-100%1%1W : 2 
When W= 4 (imm8 + 1) <— AH, (imme) <—AL 
DW, acc When W = 0 (DW) — AL 11104314141 +%W 1 
When W = 1 (OW + 1) <— AH, (DW) <— AL 
Primitive Block 1/O Transfer - 
INM dst-block, DW When W = 01) = “ow ; 01310%4%310W 1 


DIR = 0: YY <— lY +1; DIR= 1: 1Y —1Y -1 
When W = 1 (IY + 1, 1Y) <— (DW + 1; DW) 
a DIR = 0:1Y <—l¥Y + 2; DIR= 1: 1Y <— lY —2 
OUTM: DW, src-block When W = 0 (DW) <— (IX) : - 01410111 W : 1 
DIR = 0: IX <— IX + 1; DIR = 1: IX <— IX—-1 
When W = 1 (DW + 1, DW) <— (IX +11, IX) 





DIR = 0: IX <— IX +2; DIR = 1: IX —IX-2 n: number of transfers 

Addition/Subtraction 
ADD © reg, reg reg <— reg + reg 0000001Wt11_— reg reg 2 xX X XX XX 
: “mem, reg” (mem) <— (mem) + reg 0000 000 W mod reg mem 24 x xX XX X X 
reg, mem reg <- reg + (mem) 0000001 W mod reg mem 24 xX xX XX X X 
reg, imm reg <— reg + imm 1000008 W11000~— reg 34x xX XX XxX X 
mem, imm (nem) — - (mem) + imm 100 0008S W mod 0 0 0 mem 36 x xX XX XX 
acc, imm - - When W=0 AL <—AL+imm — o000010W . 23 xX xX XXX X 


When W=1 AW <= AW + imm 


Be 
U 
0 
~ 
° 
Px) 
rm) 
fo} 
\ 
@ 
ra) 
ne) 
pam, 
< 
rm) 
a 
ee 





€9 


Instruction Set (cont) 











































































































Operation Code No. of Flags 
Mnemonic Operand Operation 76543210765 432410 Bytes AC CY V P § Z 
Addition/Subtraction (cont): 
ADDC reg, reg reg <— regt+reg+CY ~ 0001001 W1 1 reg reg 2 Xx -% X X X X 
: mem, reg (mem) <— (mem) + reg + CY 000410 00 W mod reg). mem 24 xX K X X X X 
reg, mem reg <— reg + (mem) + CY 0001001 W mod reg mem 2-4 xX xX X X X X 
reg, imm reg <— reg + imm + CY 1000008 W110 10 reg 3-4 =X x% XxX X X X 
mem, imm (mem) <— (mem) + imm + CY 100000S W mod 010 mem 36 xX xX X X X Xx 
acc, imm WhenW=OAL<—AL+imm+CY. 0001010 W 235 =X xX X X X Xx 
When W = 1 AW <— AW+ imm + CY 
SUB reg, reg reg <— reg — reg 0010101WT 1 reg reg 2 X xX X X X X 
. mem, reg (mem) <— (mem) — reg 0010 100 W mod reg mem 2-4 =X K X X X X 
reg, mem reg <— reg — (mem) 004101014 W mod reg mem 2-4 xX XK xX X X X 
reg, imm reg <— reg —imm 1000008 W111 0 1 reg 3-4 xX xX xX X X X 
mem, imm (mem) <— (mem) — imm 100000S W mod 10 1° mem 36 xX XxX xX X X X 
acc, imm When W =0 AL <— AL —imm 0010110 WwW 23 =X xX X X X Xx 
When W = 1 AW <— AW— imm 
SUBC reg, reg reg <— reg — reg — CY 0001101 W141 reg reg 2 Xx XxX X X X X 
mem, reg (mem) <— (mem) — reg — CY 00011 0 0 W mod reg mem 24 xX xX XX X X 
reg, mem reg <— reg — (mem) — CY 0001 1 014 W mod reg mem 24 xX XX X X 
reg, imm reg <— reg — imm — CY 1000008 Wi101 41 reg 3-4 xX xX X X X Xx 
mem, imm (mem) <— (mem) — imm — CY 1000 00S W mod 0 1 1 mem 3-6 xX xX X X X X 
acc, imm When W = 0 AL <— AL —imm —CY 000131310 W 2-3 5X xX X X X Xx 


When W = 1 AW — AW —imm-—CY 





OHN 
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Instruction Set (cont) 


Mnemonic Operand 

BCD Operation 

ADD4S 

SUB4S 

CMP4S 

ROL4 reg8 
mems 

ROR4 reg8 
mem8 

BCD Adjust 

ADJBA 

ADJ4A 

ADJBS 

ADJ4S 


i i 
r 
> 
| 


AL 


AL 


i 


Operation 


dst BCD string <— dst BCD string 
+ src BCD string 


dst BCD string <— dst BCD string 
— src BCD string 


dst BCD string — src BCD string 


0 reg 


L Upper 4 bits | Lower 4 bits 


0 mem 


L Upper 4 bits | Lower 4 bits 


0 reg 


AL, Upper 4 bits | Lower 4 bits 


0 mem 


When (AL AND OFH) >9 or AC = 1, 
AL < AL +6, AH < AH+ 1, AC <1, 
CY <— AC, AL <— AL AND OFH 


When (AL AND OFH) >9 or AC = 1, 

AL <— AL + 6, CY <— CY OR AC, AC <— 1, 
When AL > 9FH, or CY —= 

AL <— AL + 60H, CY 1 


When (AL AND OFH) >9 or AC = 1, 
CY <— AC, AL < AL AND OFH 


When (AL AND OFH) >9 or AC = 1, 

AL — AL—6, CY <— CY ORAC, AC <1, 
When AL > 9FH, or CY — = 

AL — AL+ 60H, CY <1 


AL, La Upper 4 bits | Lower 4 bits az 


Operation Code 
765 4 8 


0 


oo oo oo!]o 


oo 


oo 


oo 


oo 


oo 


1 


reg 


144 
mem 


111 
reg 


mem 


No. of Flags 
Bytes AC CY V P 


2 u- xX uwU 
2 u- xX uu 
2 ux ud 
3 

3-5 

3 

3-5 

1 xX xX uu 
1 Xx xX UX 
1 xX xX udu 
1 X xX UX 
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Instruction Set (cont) 





0 


reg 


reg 


1 


reg 
mem 


reg 
mem 


reg 


mem 


reg 


mem 


reg 


mem 


reg 


mem 


reg 


mem 


No. of 
Bytes 


2-4 


2-4 


2-4 


2-4 


3-5 


AC 


| mK | OK | OK] OK |] Ox 


Fl 
cY 


ags 
V 


mM | mK] | OK | OK] OK 


P 


x | mK | OK | OK] KT OK 


x | Kw | OK | OK | OK] OX 


x | KK | OK | OK | OO 


Operation Code 
Mnemonic Operand Operation 765432107 6 6 
Increment/Decrement 
INC reg8 reg8 <— reg8 + 1 1111111011 «0 
mem (mem) <— (mem) + 1 11141111 W mod 0 
regi6 reg16 <— regi6 + 1 01000 reg 
DEC regs reg8 <— reg8 — 1 . 11111110110 
mem (mem) <— (mem) — 1 11134141 11 W mod 0 
regi6 regi6 <— regi6 — 1 0100 1 reg 
Multiplication 
MULU reg8 AW <— ALx reg8 1111014104141 
AH=0: CY —0,V<0 
AH #0: CY —1,V<—1 
mem8s AW < AL x (mem8) 1111041414 0 mod 1 
AH=0: CY —0,V<—0 
AH 40: CY —1,V<1 
reg16 DW, AW <— AW x regi6 1111041714141 41 
DW = 0: CY —0,V<—0 
DW #0: CY —1,V<—1 
mem16 Dw, AW < AW x (memi6) 114114041 1 mod 1 
DW = 0: CY —0,V<—-0 
DW #0: CY <—1,V<—1 
MUL reg8 AW <— AL x reg8 1111011014141 
AH = AL sign expansion: CY <— 0, V <— 0 
AH # AL sign expansion: CY <— 1, V <— 1 
mem8 AW <— AL x (mem8) 111410 110 mod 1 
AH =AL sign expansion: CY <— 0, V <—0 
AH # AL sign expansion: CY <— 1, V <— 1 
regi6 DW, AW <— AW x regi6 1111017171111 
DW = AW sign expansion: CY <— 0, V<—0 
DW = AW sign expansion: CY <— 1, V <— 1 
mem16 DW, AW <— AW x (mem16) 11141104141 414 mod 1 
DW = AW sign expansion: CY <— 0, V <——0 
DW # AW sign expansion: CY <— 1, V <—1 
reg 16, regi6 <— regi6 x imm8 011010414111 
reg16, Product < 16 bits: CY 0, V <—0 
imm8 Product > 16 bits: CY <—— 1,V <—1 
reg i6, reg16 <— (mem16) x imm8 01310310 1 1 mod 
mem16, Product < 16 bits: CY <0, V <—0 
imm8 Product > 16 bits: CY <—— 1, V <1 


ON 


(SEA) ZEE/0€EO0Ldd" 
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Instruction Set (cont) 


Mnemonic Operand 
Multiplication (cont) 


MUL (cont) _—regi6, 
reg 6, 
imm16 


reg16, 
mem16, 
imm16 


Unsigned Division 
DIVU reg8 


mem8& 


regi6 


mem16 


Operation 


regi6 <- Gs x immi16 
Product < 16 bits: CY <— 0, V <— 0 
Product > 16 bits: CY <— 1, V <1 


regi6 <- (mem16) x imm16 
Product < 16 bits: CY — 0, V<—0 
Product > 16 bits: CY <— 1, V <1 


temp <- AW 

When temp + reg8 > FFH 

(SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <—- SP—6 

IE <— 0, BRK <— 0, PS <— (3, 2), PC <— (1, 0) 

All other times 

AH < temp % reg8, AL <— temp + reg8 


temp <— AW . 

When temp + (mem8) > FFH 

(SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS 
(SP — 5, SP — 6) <— PC, SP < SP—6 

IE <— 0, BRK <— 0, PS <— (3, 2), PC <— (1, 0) 

All other times 

AH <—— temp % (mem8), AL <— temp + (mem8) 


temp <— AW 

When temp + reg16 > FFFFH © 

(SP — 1, SP — 2) <— PSW,.(SP — 3, SP — 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <— SP—6 

IE <— 0, BRK <— 0, PS <— (3, 2), PC <— (1, 0) 

All other times 

AH <— temp % regi6, AL <— temp + regi6 


temp <—- AW 

When temp + (mem16) > FFFFH 

(SP — 1, SP— 2) <— PSW, (SP — 3, SP— 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <— SP—6 

IE <— 0, BRK <— 0, PS <— (3, 2), PC <— (1,0) 

All other times 

AH <— temp-% (mem16), AL <— temp + (mem16) 


Operation Code ; 
76543210765483210 


0110100411 1 ~ reg reg 


011010 041 mod reg mem 


1171101101 1 1 +41 «0 = reg 


11110 1410 mod 1140 mem 


1111031134 41 1 #110 = reg 


11110411414 mod 1 1 °0. mem 


No. of Flags 
Bytes AC CY V P § 2 


X 


u 


} 


U 


X UU U 


xX UU U 


u uu U 


uu uU U 


uu ou iu 


uu uU U 
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instruction Set (cont) 


Mnemonic Operand 


Signed Division 

DIV reg8 
mem8 
reg 16 
mem 16 


Operation 


temp <—- AW 

When temp + reg8 > 0 and temp + reg8 > 7FH or 
temp + reg8 < 0 and temp + reg8 <0 - 7FH — 1 
(SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <— SP—6 

IE — 0, BRK <— 0, PS <— (3, 2), PC < (1, 0) 

All other times 

AH <— temp % reg8, AL <— temp + reg8 


temp W <— 

When temp + (mem8) > 0 and (mem8) > 7FH or 
temp + (mem8) <0 and 

temp + (mem8) <0 - 7FH — 1 

(SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <— SP—6 

IE <— 0, BRK <— 0, PS <— (3, 2), PC <— (1, 0) 

All other times 

AH <— temp % (mem8), AL <— temp + (mem8) 


temp <— AW 

When temp = reg 16 > 0 and reg 16 > 7FFFH or 
temp + reg 16 <0 - 7FFFH — 1 

(SP — 1, SP — 2) <~ PSW, (SP — 3, SP — 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <— SP —6 

IE <— 0, BRK <— 0, PS <— (3, 2), PC < (1, 0) 

All other times © 

AH <— temp % reg. 16, AL <— temp ~ reg 16 


temp <- AW _ - 

When temp + (mem 16) > 0 and (mem 16) > 7FFFH 
or temp + (mem 16) < 0 and temp + [mem 16] 
<0-7FFFH — 1 

(SP — 1, SP — 2) ) <— PSW, (SP —3, SP — 4) <— PS 
(SP — 5, SP — 6) <— PC, SP <— SP—6 

IE <— 0, BRK <— 0, PS <— (3, 2), PC <— (1, 0) 

All other times 

AH <— temp % (mem 16), AL <— temp + (mem 16) 


Operation Code 
7 6 5 


432107654321 


1111011071111 


111141031410 mod 111 


1111044114141 141 


1114110 14144 +mod 1 11 





reg 


mem 


reg 


mem 


No. of Flags 
Bytes AC CY V PS Z 


u 


u 


uueué ou 


uu U iU 


uu ou U 


DAN 
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Instruction Set (cont) 


Operand 


Data Conversion 


CVTBD 

CVTDB 

CVTBW 

CVTWL 

Comparison 

CMP reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 

Complement 

NOT reg 
mem 

NEG reg 
mem 

Logical Operation 

TEST reg, reg 
mem, reg 
or reg, mem 
reg, imm 
mem, imm 
acc, imm 

AND reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 


Operation 


AH <— AL + OAH, AL <— AL % OAH 
AH <— 0, AL <— AH x OAH + AL 


When AL < 80H, AH <— 0, 
all other times AH <~ FFH 


When AL < 8000H, DW <— 0, 
all other times DW <— FFFFH 


reg — reg 
(mem) — reg 
reg — (mem) 
reg — imm 
(mem) — imm 


When W = 0, AL — imm 
When W = 1, AW —imm 


reg <— reg 

(mem) <— (mem) 

reg <—reg +1 
(mem) <— (mem) + 1 


reg AND reg 
(mem) AND reg 


reg AND imm 
(mem) AND imm 


When W = 0, AL AND imm8 
When W = 1, AW AND imm8 


reg <— reg AND reg 
(mem) <— (mem) AND reg 


feg <— reg AND (mem) 


reg <— reg AND imm 
(mem) <— (mem) AND imm 


When W = 0, AL <— AL AND imm8 
When W = 1, AW <— AW AND imm16 


Operation Code 
76543 2 


o;jmtl| el] Oyo] oOo 


— wh et 


=_ 


Oo} | rel olo;o 


apo sl So;,jo;rol;ro;o!lo 


Oo] = 


Colo; olo|!|o!|o 


=—|/ oO !]o; —] —/] — 


—_ am | st | 


=—|/O1,o;]—/] 4] 


—_ p> om] ef —~1 O!}o!] af —| — 


o}]— 


ol/o;yol;ro;o|o 


—|; Oo; © o]o o;jo;o;lo -"A!}o}o!} —)}—)] — 


aSo;fo;rolro;jo;o 


—+~|/o!l|o!;o!]o;o 
OM!) Nn! s|}o;— 


en ee 


o}]— 


—)/Ol|oa!oa!;olo 


=/=/=/= 


Ooro;yo;-]o|]— 


=/=/=/=/=/= 


= 


=/= 


=| =/=/=/=/= 


7654321 


mod 
mod 


mod 


11 
mod 
11 
mod 


mod 


11 
mod 


11 
mod 
mod 
11 
mod 


reg 
reg 
reg 

111 

111 


olo!;o|oa 
— | oa] a] ee 
lll ieee 28 


reg 
reg 


reg 
reg 
reg 
10 0 
10 0 


reg 
mem 
mem 
reg 
mem 


reg 
mem 

reg 
mem 


reg 
mem 


reg 
mem 


reg 
mem 
mem 


mem 


No. of 
Bytes 


2-4 
2-4 
3-4 
3-6 
2-3 


2-4 


2-4 


2-4 


3-4 
3-6 
2-3 


2-4 
2-4 
3-4 
36 
2-3 


AC 


mM | | mK | KL OK] OK 


oc 


ejel;r~cijcyco;c 


mM | MK | | KT OK | x 


o|o 


Ool}o; ol o;lo!,o 


x |< | | XK | OK | CX 


o|o 


Oo}; o;o!;o;o!|o 


M | MK |] OK] x | OK] 


=< 


| Ke | | OK] OK] OX 


pe oe oe ee oe 


~ 


ee oe Pe 


< | KLE KK) xX | Cx 


=< 


|< | | OK] xX | Cx 
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Instruction Set (cont) 


Mnemonic Operand 
Logical Operation (cont) 
OR reg, reg 

mem, reg 

reg, mem 

reg, imm 

mem, imm 

acc, imm 


XOR reg, reg 
mem, reg 
reg, mem 
reg, imm 
mem, imm 
acc, imm 


Bit Operation 


TEST1 reg8, CL 
mem, CL 
regi6, CL 
memi16, CL 
reg8, imm3 
memé, imm3 
regi6, imm4 


mem16, imm4 


Operation 


reg <— reg OR reg 

(mem) <— (mem) OR reg 
reg <— reg OR (mem) 

reg <— reg ORimm 
(mem) <— (mem) OR imm 


When W =0, AL <— AL OR imm8 
When W = 1, AW <— AW OR imm16 


reg <— reg XOR reg 

(mem) <— (mem) XOR reg 

reg <— reg XOR (mem) 

reg <— reg XOR imm 

(mem) <— (mem) XOR imm 

When W =0, AL <— AL XOR imm8 


When W = 1, AW <— AW XOR imm16 


reg8 bit no. CL=0: Z <1 

reg8 bit no. CL = 1:Z <—0 
(mem8) bit no. CL = 0: Z <— 1 
(mem8) bit no. CL = 1:Z <0 
regi6 bit no. CL =0: Z <1 
regi6 bit no. CL= 1: Z <—0 
(mem16) bit no. CL = 0: Z <— 1 
(mem16) bit no. CL = 1:Z <0 
reg8 bit no. imm3 = 0: Z <— 1 
reg8 bit no: imm3 = 1: Z <— 0 
(mem8) bit no. imm3 = 0: Z <— 1 
(mem8) bit no. imm3 = 1: Z <— 0 
reg16 bit no. imm4 = 0: Z <— 1 
reg16 bit no. imm4 = 1:Z <0 
(mem16) bit no. imm4 = 0: Z <— 1 
(mem16) bit no. imm4 = 1: Z <—0 


Operation Code 
765 4 3 


Co —jJe| Oo] oO] o& 
o;l/o!lo!|o!]o;oa 
o;};o;o!;]o!lo; oe 
oOl/olro|!|o!]o]oa 
=!oj;0/ —=/ =| a 
—=|/oOo/!]o/;]/o;o!|]o 


o}—-!]/-|[ololo 
ao; o;o;oro| & 
—|!o;o;—] =| — 
=|alosj —f[ 1] a 
o}o!;o;o\lo!] oe 
-—-|o;/o;o;o|o 


2nd byte* 
000100 


00010 0 


000110 
2nd byte* 


1 


olo;o!|=a;|o;]— 


o;,o;o;-);o; — 


0 


07654321 


=} =/ = /=/=/= 


=/=/=/=/=,/= 


1 


“Note: First byte = OFH 





11 
mod 


mod . 


1 1 
mod 


11 
mod 
mod 
11 
mod 


001 
001 


110 
110 


3rd byte* 
000 


0 


3rd byte* 


reg 
reg 
reg 


reg 
reg 
reg 


0 


reg 
mem 
mem 
reg 
mem 


reg 
mem 
mem 
reg 
mem 


reg 


mem 


reg 


mem 


reg 


mem 


reg 


mem 


No. of 
Bytes 


2-4 
2-4 
3-4 


2-3 


2-4 
2-4 
3-4 
3-6 
2-3 


3-5 


4.6 


4-6 


AC 


e;jc;cy;c;yeci;ya 


e&;rpc |e ;e;e;e 


oO; o!;o!;]o;}o;] oe 


o;o;o|;o!;o!]o 


Flags 
cy 


VP 


Ool;o!|o|ojyo|o 


olo|!|o;}o!;|o!|]o 


mM | mK | mK] OK] OK | OX 


M | | mK | OK | OK Ox 


| KK] OK] OK] OK] OK 


~ | «| | OK | OK | Ox 





x | «| OK | OK | OK] OK 


| eK | LK] KK | CX 
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Instruction Set (cont) 


; Operation Code No: of Flags 
Mnemonic Operand Operation 76543210765 432410 Bytes AC CY V PS Z 
Bit Operation (cont) . 
2nd byte* 3rd byte* 
NOT1 reg8, CL reg8 bit no. CL <— reg8 bit no. CL 000104141014 00 0~— reg 3 
memé, CL (mem) bit no. CL <— (mem8) bit no. CL 000410110 mod 0 00 mem 3-5 
regi6, CL regi6 bit no. CL <— reg16 bit no. CL 0001014149111 00 0~— reg 3 
memi6, CL (mem16) bit no. CL <—— (mem16) bit no. CL 000101411 = =mod 0 0 0 mem 3-5 
reg8, imm3 reg8 bit no. imm3 <— reg8 bit no. imm3 000141111014 00 0~— reg 4- 
mem8, imm3 (mem8) bit no. imm3 <— (mem8) bit no. imm3 00041114 10 mod 0 00 mem 44 
regi6, imm4 reg16 bit no. imm4 <— (reg16) bit no. imm4 000111311 141 00 0~— reg 4 
mem16, imm4 (mem16) bit no. imm4 <— (mem16) bit no. imm4 00041314141 1 =mod 0 0 0 mem 4-6 
. 2nd byte* 3rd byte* 
*Note: First byte = OFH 
CY. cy —CY 1411101041 1 
2nd byte* 3rd byte* 
CLRI1 reg8, CL reg8 bit no. CL <0 0001001011000 ~— reg 3 
memé, CL (mem8) bit no. CL <— 0 0001001 0 mod 0 0 0 mem 3-5 
regi6, CL: reg16 bit no. CL <0 0007100111100 0~— reg 3 
mem16, CL (mem16) bit no. CL <0 00010011 mod 0 0 0 mem 3-5 
reg8, imm3 reg8 bit no. imm3 <— 0 0007101011000 ~— reg 4 
memé, imm3 (memé) bit no. imm3 <— 0 000110 10 mod 0 0 0 mem 4-6 
reg16, imm4 reg16 bit no. imm4 <— 0 000110411 100 0~— reg 4 
mem16, imm4 (mem16) bit no. imm4 <—— 0 0001140411 =mod 0 0 0 mem 4-6 
| | 2nd byte* ard byte* 
*Note: First byte = 0FH 
CY cY —0 11111000 1 
DIR DIR —0 1114114100 1 
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Instruction Set (cont) 


Operand 


Bit Operation (cont) 


SETI 


Shift 
SHL 


SHR 


reg8, CL 
memé, CL 
reg16, CL 
mem16, CL 
reg8, imm3 
memé, imm3 
regi6, imm4 
mem16, imm4 


CY 
DIR 


reg, 1 


mem, 1 


reg, CL 


mem, CL 


reg, imm8 


mem, imms 


reg, 1 


Operation 


reg8 bit no. CL <— 1 
(mem8) bit no. CL <— 1 
regi6 bit no. CL <— 1 
(mem16) bit no. CL <—— 1 
reg8 bit no. imm3 <— 1 
(mem8) bit no. imm3 <— 1 
reg16 bit no. imm4 <— 1 
(mem16) bit no. imm4 <— 1 


cy —1 
DIR<—1 


When MSB of reg # CY, V <— 1 
When MSB of reg = CY, V <—0 


CY <— MSB of (mem), (mem) <— (mem) x 2 
When MSB of (mem) # CY, V <— 1 
When MSB of (mem) = CY, V <0 


temp <— CL, while temp # 0, 
repeat this operation, CY <— MSB of reg, 
reg <— reg x 2, temp <— temp — 1 


temp <— CL, while temp <0, 
repeat this operation, CY <— MSB of (mem), 
(mem) <— (mem) x 2, temp <— temp — 1 


temp <— imm8, while temp 0, 
repeat this operation, CY <— MSB of reg, 
reg <— reg x 2, temp <— temp — 1 


temp <— immé, while temp ~ 0, 
repeat this operation, CY <— MSB of (mem), 
(mem) <— (mem) x 2, temp <— temp — 1 


CY <— LSB of reg, reg <— reg +2 
When MSB of reg = bit following MSB 
of reg: V <— 1 

When MSB of reg = bit following MSB 
of reg: V <— 0 


Operation Code 
765 432 
000101 
000101 
000101 
000101 
00031141 
000111 
000111 
000111 
2nd byte* 


So}/o;/o};o;o!]o|;]o!;o 


apm [ Ol olali ai o!loa 


*Note: First byte = OFH 
1114111001 
11411101 


110100 


110100 


1104100 


110000 


0 


0 


1 


1 


0 


W 


7 6 


11 
mod 
11 
mod 
11 
mod 
11 
mod 


mod 


mod 


0 
0 
0 
0 
0 
0 
0 
0 


3rd byte* 


1100000 W mod 1 


n: number of shifts 


Oo} Oo;/o!|o!]o!]a|]o|]oe 


1101000Wi11410 





So; o;o!; oa; o!]o|!|o|o 


1 


reg 
mem 
reg 
mem 
reg 
mem 
reg 
mem 


reg 


mem 


reg 


mem 


reg 


mem 


reg 


No. of 


F 
Bytes AC CY 


CY <— MSB of reg, reg <— reg x 2 


3 

3-5 

3 

3-5 

4 

4-6 

4 

4-6 

1 1 
1 

2 us X 
24 ui xX 
2 us Xx 
24 ui xX 
3 us Xx 
35 UX 
2 us Xx 


OAN 
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Instruction Set (cont) 


Mnemonic Operand 

Shift (cont) 

SHR (cont) mem, 1 
reg, CL 
mem, CL 
reg, imm8 


mem, imm8s 


SHRA reg, 1 
mem, 1 - 


teg, CL 
mem, CL 
reg, imm8 


mem, imm8 


Operation 


CY <— LSB of (mem), (mem) <— (mem) + 2 
When MSB of (mem) # bit following MSB 
of (mem): V <— 1 

When MSB of (mem) = bit following MSB 
of (mem): V <—— 0 


temp <— CL, while temp + 0, 
repeat this operation, CY <— LSB of reg, 
reg <— reg + 2, temp <— temp — 1 


temp <— CL, while temp #0, 
repeat this operation, CY <— LSB of (mem), 
(mem) <— (mem) = 2, temp <— temp — 1 


temp <— imm8, while temp + 0, 
repeat this operation, CY <— LSB of reg, 
reg <— reg + 2, temp <— temp — 1 


temp <— imm8, while temp + 0, 
repeat this operation, CY <— LSB of (mem), 
(mem) <— (mem) + 2, temp <— temp — 1 


CY <— LSB of reg, reg << reg+2,V <0 
MSB of operand does not change 

CY <— LSB of (mem), (mem) <— (mem) ~ 2, 
V <— 0, MSB of operand does not change 


_ temp <—- CL, while temp #0, 


repeat this operation, CY <— LSB of reg, 
reg <— reg + 2, temp <— temp — 1 
MSB of operand does not change 


temp <— CL, while temp + 0, 

repeat this operation, CY <— LSB of (mem), 
(mem) <— (mem) + 2, temp <— temp — 1 
MSB of operand does not change 


temp <— imm8, while temp ~ 0, 

repeat this operation, CY <— LSB of reg, 
reg <— reg + 2, temp <— temp — 1 

MSB of operand does not change 


temp <- imm8, while temp <0, 

repeat this operation, CY <— LSB of (mem), 
(mem) <— (mem) = 2, temp <— temp — 1 
MSB of operand does not change 


Operation Code 
765483 2 


1101000 W mod 1 


1101001Wi111 
1101001 W mod 1 
1100000Wi1i11 
1100 000 W mod 1 


n: number of shifts 
110171000Wti4t141 


11014000 W mod 1 


1101001Widi41 
11010014 W mod 1 
1100000wW111 


1100 000 W mod 1 


n: number of shifts 


1 


1 


{ 


1 


1 


{ 


1 


mem 


reg 


mem 


reg 


mem 


reg 


mem 


reg 


mem 


reg 


mem 


No. of Flags 
CY VP 


Bytes AC 


24 ux x 


24 uo xX iu 


35 ui xX uU 


24 u x 0 


24 ui xX u 
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Instruction Set (cont) 


Mnemonic 
Rotation 
ROL 


ROR 


Operand 


reg, 1 


mem, 1 


reg, CL 


mem, CL 


reg, imm8 


mem, imm8 


reg, 1 


mem, 1 


reg, CL 


mem, CL 


Operation 


CY <— MSB of reg, reg <— reg x 2+ CY 
MSB of reg + CY: V <— 1 
MSB of reg = CY: V <—0 


CY <— MSB of (mem), 
(mem) <— (mem) x 2 + CY 
MSB of (mem) # CY: V <— 1 
MSB of (mem) = CY: V <——0 


temp <— CL, while temp ¥ 0, 

repeat this operation, CY <— MSB of reg, 
reg <— regx2+CyY 

temp <— temp — 1 


temp <— CL, while temp ~ 0, 

repeat this operation, CY <— MSB of (mem), 
(mem) <—- (mem) x 2+ CY 

temp <— temp — 1 


temp <— imm8, while temp <0, 

repeat this operation, CY <— MSB of reg, 
reg <~- regx2+CY 

temp <— temp — 1 


temp <- imm8, while temp ~ 0, 

repeat this operation, CY <— MSB of (mem), 
(mem) <— (mem) x2 + CY 

temp <— temp — 1 


CY <— LSB of reg, reg <— reg + 2 

MSB of reg <— CY 

MSB of reg bit following MSB of reg: V <— 1 
MSB of reg = bit following MSB of reg: V <— 0 


CY <— LSB of (mem), (mem) <— (mem) + 2 
MSB of (mem) <— CY 

MSB of (mem) # bit following MSB 

of (mem): V <— 1 

MSB‘of (mem) = bit following MSB 

of (mem): V <0 


temp <— CL, while temp +0, 

repeat this operation, CY <— LSB of reg, 
reg <— reg + 2, MSB of reg <— CY 
temp <- temp — 1 


temp <— CL, while temp + 0, 

repeat this operation, CY <— LSB of (mem), 
(mem).<— (mem) + 2, MSB of (mem) <— CY 
temp <— temp — 1 


Operation Code 
765 4 3 


11010 


210765 


00 wid0o 


00 W mod 0 


01 W mod 0 


00WwWi110 


0 0 W mod 0 


n: number of shifts 


00 W110 


0 0 W mod 0 


01 W110 


01 W mod 0 


n:number of shifts 





reg 


mem 


reg 


reg 


reg 


mem 


reg 


mem 


No. of 
Bytes AC 


2-4 


2-4 


3-5 


2-4 


cy 





reg 


mem 


2-4 


Flags 
v 


PS Z 


OAN 
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3» Instruction Set (cont) 


“= Operation Code No. of Flags 
Mnemonic Operand Operation ; 7654321076543210 Bytes AC CY V PS Z 


Rotation (cont) 


ROR (cont) —_—reg, imm8 ~ temp <— imm8, while temp # 0, 1100000wWd14100%1 ~~ reg 3 xX ou 
repeat this operation, CY <— LSB of reg, 
reg <— reg + 2, MSB of reg <— CY 
temp <— temp — 1 


mem, imm8 temp <— imm8, while temp + 0, 1100000 W mod 0 0 1+ mem 3-5 x u 
repeat this operation, CY <— LSB of (mem), 
(mem) <— (mem) + 2 , 
temp <— temp — 1 n: number of shifts 


Rotate 


ROLC reg, 1 tmpcy <— CY, CY <—— MSB of reg 1101000wWt101 0~— reg 2. xX xX 
reg <—regx2+tmpcy .. 
MSB of reg = CY: V<—0 
MSB of reg CY: V <— 1 


mem, 1 tmpcy <— CY, CY <— MSB of (mem) 1101000 W mod 010 + mem 2-4 xX xX 
(mem) <— (mem) x 2 + tmpcy 
MSB of (mem) =.CY: V <— 0 
MSB of (mem) # CY: V <— 1 


reg, CL temp <— CL, while temp ~ 0, 1101001 W1101 0 ~— reg 2 xX ou 
repeat this operation, tmpcy <— CY, , 
CY <— MSB of reg, reg <— reg x 2 + tmpcy 
temp <— temp — 1 


mem, CL temp <— CL, while temp <0, 1101001 W mod 01 0° mem 2-4 X U 
repeat this operation, tmpcy <— CY, 
CY <— MSB of (mem), 
(mem) <— (mem) x 2 + tmpcy 
temp <- temp —1 


reg, imm8 temp <— imm8, while temp ~ 0, 1100000wWt11010~— reg 3 X U 
repeat this operation, tmpcy <— CY, 
CY <— MSB of reg, reg <— reg x 2 + tmpcy 
temp <— temp —.1 


mem, imm8 temp <— imm8, while temp + 0, 1100000 W mod 010 mem 3-5 X U 
repeat this operation, tmpcy <— CY, 
CY <— MSB of.(mem) 
(mem) <— (mem) x 2 + tmpcy 
temp <— temp — 1 n: number of shifts 


(SEA) ZE€/0CCOLdd" 
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Instruction Set (cont) 


Mnemonic 


Operand 


Rotate (cont) 


RORC 


Subroutine Control Transfer 


CALL 


reg, 1 


mem, 1 


reg, CL 


mem, CL 


reg, imm8 


mem, imm8 


near-proc 
regptr16 
memptr16 
far-proc 


memptr32 


Operation 


tmpcy <—— CY, CY <— LSB of reg 

reg <— reg + 2, MSB of reg <— tmpcy 

MSB of reg ~ bit following MSB of reg: V <— 1 
MSB of reg = bit following MSB of reg: V <0 


tmpcy <- CY, CY <— LSB of (mem) 

(mem) <— (mem) = 2, MSB of (mem) <— tmpcy 
MSB of (mem) = bit following MSB 

of (mem): V <— 1 

MSB of (mem) = bit following MSB 

of (mem): V <0 


temp <— CL, while temp # 0; 
repeat this operation, tmpcy <— CY, 


. CY <—LSB of reg, reg <— reg ~ 2, 


MSB of reg <— tmpcy, temp <— temp — 1 


temp <— CL, while temp + 0, 

repeat this operation, tmpcy <— CY, 

CY < LSB of (mem), (mem) <— (mem) + 2 
MSB of (mem) <— tmpcy, temp <— temp — 1 


temp <— imm8, while temp + 0 

repeat this operation, tmpcy <— CY, 

CY <— LSB of reg, rég <— reg + 2 

MSB of reg <— tmpcy, temp <— temp — 1 


temp <— imm8, while temp + 0, 

repeat this operation, tmpcy <— CY, 

CY <— LSB of (mem), (mem) <— (mem) + 2 
MSB of (mem) <— tmpcy, temp <— temp — 1 


(SP — 1, SP — 2) <— PC, SP <— SP—2 

PC <— PC + disp 

(SP — 1, SP — 2) <— PC, SP <— SP—2 

PC <— regptr16 

(SP — 1, SP — 2) <— PC, SP <— SP—2 

PC <— (memptr16) 

(SP — 1, SP — 2) <— PS, (SP — 3, SP — 4) <— PC 
SP <— SP — 4, PS <- seg, PC < offset 

(SP — 1, SP ~ 2) <— PS, (SP — 3, SP — 4) <— PC 
SP <— SP — 4, PS <— (memptr32 + 2), 

PC <— (memptr32) 


Operat 
7654321076543210 


ion Code 


1101000Wt1101 1 


01000 


01001 


01001 


00000 


W mod 0 1 


wi101 


W mod 0 1 


wii101 


1 


1 


1100 000 W mod 0 1 1 





111010 


1 mod 0 1 0 


1 mod 0 1 


1 


reg 


reg 


reg 


mem 


reg 


mem 


mem 


No. of 
Bytes AC CY 


Fl 





ags 
VP S$ 2Z 





DAN 
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Instruction Set (cont) 


Mnemonic 


Operand 


Operation 


Subroutine Control Transfer (cont) 


RET 


pop-value 


pop-value 


Stack Manipulation 


PUSH 


POP 


PREPARE 


DISPOSE 
Branch 
BR 


-mem16 


reg16 
sreg 
PSW 
R 
imm 


mem16 
regi6 
sreg 


PSW 
R 
imm16, imm8s 


near-label 
short-label 
regptri6 
memptr16 
far-label 
memptr32 


PC <— (SP +1, SP), SP <—SP+2 


PC <— (SP + 1, SP) 
SP <— SP + 2, SP <— SP + pop-value 


PC <— (SP +1, SP), PS < (SP +3, SP +2) 
SP <—SP+4 : 


PC <— (SP + 1, SP), PS <— (SP + 3, SP + 2) 
SP <— SP + 4, SP <— SP + pop-value 


(SP — 1, SP — 2) <— (mem16), SP <— SP —2 


(SP — 1, SP — 2) <— regi6, SP —— SP —2 
(SP— 1, SP— 2) <— sreg, SP <— SP — 2 
(SP — 1, SP — 2) <— PSW, SP <— SP—2 
Push registers on the stack 


(SP — 1, SP — 2) <— imm 
SP <— SP — 2, When S = 1, sign extension 


(mem16) <— (SP + 1, SP), SP <— SP +2 
regi6 <~ (SP + 1, SP), SP <— SP +2 


sreg <— (SP + 1, SP) sreg : SS, DSO, DS1 
SP <- SP+2 


PSW <— (SP + 1, SP), SP <— SP +2 
Pop registers from the stack 
Prepare new stack frame 


Dispose of stack frame 


PC <— PC + disp 

PC <— PC + ext-disp8 

PC <— regptri6 

PC <— (memptr16) 

PS <— seg, PC <— offset 

PS <— (memptr32 + 2), PC <— (memptr32) 


Operation Code 
765 43 


oy;yo;-|o!|o 


o;— 


en eo 


0 
1 
1 


ala |o;jolo 


0 sreg 


0 
1 
0 


o;o]— 
-_—|/o}— 


o;o;—| — 


oyo|— 


*: imm8 = 0: 16 


o;o!|o 


076543210 


o}o|;|o|o 


_ 


oj;ya| a 


10010041 


ff eg ef of a] 


ee ee ee ee 


=lo;j-|-a|lolo 
Pe Se ee ee ee ee eee eee 


af oOo!}ajy He | ole 


af me] oe] |] | OO 


mod 1 1 0 


mod 0 0 0 


imm8 > 1: 25 + 16 (imm8 — 1) 


11100 
mod 1 0 0 


mod 10 1 


mem 


mem 


reg 
mem 


mem. 


No. of Fiags 
Bytes AC CY V PS Z 


R 


R RRRR 
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Instruction Set (cont) 





Operation Code No. of Flags 
Mnemonic Operand Operation 76543210765 43210 Bytes AC CY V P § Z 
Conditional Branch 
BV short-label if V=1, PC <— PC + ext-disp8 01110000 2 
BNV short-label if V=0, PC <~ PC + ext-disp8 011100041 2 
BC, BL short-label if CY = 1, PC <— PC + ext-disp8 01110010 2 
BNC, BNL short-label if CY =0, PC <— PC + ext-disp8 01110011 2 
BE, BZ short-label if Z=1, PC — PC + ext-disp8 01110100 2 
BNE, BNZ short-label ifZ=0, PC <— PC + ext-disp8 011101041 2 
BNH short-label if CY OR Z = 1, PC — PC + ext-disp8 01141104110 2 
BH short-label if CY OR Z=0, PC <— PC + ext-disp8 041110314141 2 
BN short-label if S = 1, PC <— PC + ext-disp8 011141000 2 
BP short-label if S =0, PC — PC + ext-disp8 011411001 2 
BPE short-label if P= 1,PC < PC + ext-disp8 011110410 2 
BPO short-label if P=0, PC <— PC + ext-disp8 01141110141 2 
BLT short-label if S XOR V = 1, PC <— PC + ext-disp8 01%41%141310 «(0 2 
BGE short-label _ if S XOR V=0, PC — PC + ext-disp8 041114131041 2 
BLE short-label if (S XOR V) OR Z = 1, PC < PC + ext-disp8 Ct eat eG 2 
BGT short-label if (S XOR V) OR Z = 0, PC < PC + ext-disp8 011414114141 2 
DBNZNE short-label cw —CW-1 . 11100000 r 
if Z=0 and CW <0, PC — PC + ext-disp8 
DBNZE short-label cw<-—CW-1 11100001 2 
a ifZ=1 and CW #0, PC <— PC + ext-disp8 
DBNZ short-label CW <= CW -1 11100010 2 
if CW #0, PC < PC + ext-disp8 
BCWZ short-label if CW =0, PC <— PC + ext-disp8 111000141 2 
BTCLR sfr. imm3, if bit no. imm3 of (sfr) = 1, 0000111110111 100 5 
short-label PC <— PC + ext — disp8, - 
bit'no. imm3 of (sfr) <— 0 
Interrupt 
BRK 3 (SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS, 110013100 1 
(SP — 5, SP — 6) <— PC, SP <— SP—6 
IE <0, BRK <0 
PS.<— (15, 14), PC <— (13, 12) 
- jmms (SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS, 110031101 2 
(#3) (SP — 5, SP — 6) <— PC, SP <—- SP—6 


IE <— 0, BRK <0 
PC <— (nx 4,+1,n x 4) 
PS — (nx4+3,nx4+2)n=imm8 
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Instruction Set (cont) 


‘ Operation Code No. of Flags 
Mnemonic Operand Operation — 7654321076543210 Bytes AC CY V P § Z 
Interrupt (cont) 
BRKV When V = 1 ben es | Vel is 1 


(SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) < PS, 
(SP —5, SP — 6) <— PC, SP < SP—6 





(Sea) cee/0ee0ldad’ 


(1) Does not execute on the V25, but does generate an interrupt. 


IE <— 0, BRK <0 ; 
PS <— (19, 18), PC <— (17, 16) 
RETI ~ PC <— (SP +1, SP), PS <— (SP + 3, SP + 2), 1100%1%1141 1.-- R R RRR R.- 
PSW <— (SP +5, SP +4), SP < SP+6 
RETRBI PC <— Save PC, PSW <— Save PSW 1111 2 R R RRARR 
FINT Indicates that interrupt service.routine to the 000011111 0 
interrupt controler built in the CPU has been 
completed 
CHKIND reg 16, When (mem32) > reg16 or (mem32 + 2) < reg16 0110001 0 mod reg mem 24. 
mem32 (SP — 1, SP — 2) <— PSW, (SP — 3, SP — 4) <— PS, 
(SP —5, SP — 6) <— PC, SP <— SP—6 
IE <— 0, BRK <— 0, 
PS <— (23, 22), PC <— (21, 20) 
CPU Control ei, el 
HALT CPU Halt 11110100 
STOP CPU Halt 00001 Vi Oe 4 11 
BUSLOCK Bus Lock Prefix 11110000 oe . 
FPO1 (Note 1) fp-op No Operation 11011 XX11YYY2Z22Z22 
fp-op, mem data bus <— (mem) 110%4%14%XX X mod Y YY” mem 
FPQ2 (Note 1) fp-op No Operation 014100 1X 1771YYY2Z2Z22 
fp-op,.mem data bus <— (mem) 0110044 X mod Y YY mem 
POLL Poll and wait 10011011 
NOP No Operation 10010000 
DI lE<—0 ye ss | 10 
El lE<— 1 111141 11 
DSO; DS1; Segment override prefix 00 1 10 
PS;SS 
Notes: 


OHN 





uPD70330/332 (V35) 
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HPD70P322 
NV. E 16-Bit Microcomputer: 


NEC Electronics Inc. Single-Chip, CMOS, 
With EPROM for V25/V35 Modes 





Description Features 

The pPD70P322 is a 16-bit, single-chip CMOS microcom- © Reprogrammable EPROM appropriate for system 
puter operable as a »PD70322 (V25™) or a »PD70332 evaluation of V25 or V35 

(V35™). The mask ROM of the V25/V35 is replaced inthe 0 yo5 mode (uPD70322 equivalent) 

uPD70P322 by an EPROM. — Internal 16-bit architecture 


— External 8-bit data bus 


Ordering Information 
O V35 mode (uPD70332 equivalent) 


Ext Input Int System | : : 
— Internal 16-bit architecture 
Part Number Frequenc Clock Package 3 
ih Lda Sa last AU er cata ner Dien, ee eae — External 16-bit data bus 
pu PD70P322KE-8 16 MHz 8 MHz 84-pin ceramic LCC 


with quartz window 


V25 and V35 are trademarks of NEC Corporation 
pPD70P322 Block Diagram 


V25 Mode 


Ag Aig 
DMARQO 


Ao 
ape Programmable Cae Ag -Aqg /Ay -Ag 
ae A417 /A18 


DMARQ1 pais —— 
——— Controller | ef Ayg /UBE 
DMAAK‘1 hes 


TCi 


yore} Buibeis 
yoye] Buibe1s 


TxDO 
RxDo Serial 
ocko Interface Internal RAM 
panda 256 Bytes 
Ise « General 
Registers 
Mach Baud Rate : bans 
RxD1 Generator Sanics 


CTS1 Channel 


91607 jouUOD sng 


Internal EPROM 
16K Bytes 


Instruction Decoder 


Programmabie Micro Sequencer 


interrupt Micro ROM 
Controller 


Dg-D7 (V25 Mode) 
Do-D 45 (V35 Mode) 


; Time Base Port with Clock 


REFRQ CLKOUT PO Pt P2 PTO-PT7) = Vty 
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Pin Configurations 


84-Pin LCC, V25 Mode 


P07 /CLKOUT 


90 V25V35 


P29 /DMARQOC] 48 
P24 /DMAAKO C] 51 


Connect to 

Vpp 

High level (H) 

High level (H) 

High level through pullup resistor 


P22/TCo LT] 52 


PT7 
PT6 

PTS 

PT4 

PT3 

PT2 

PT4 

PTO 
P17/READY 
Pig /SCKO 
P15 /TOUT 
P14 /INT/POLL 
P1g /INTP2/INTAK 
P1o/INTPA 

P14 AINTPO 
NMI 

P27 /HLDRQ 
P2g /HLDAK 
P25 /TC1 

P24 /DMAAK1 
P2g /DMARQ1 
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84-Pin LCC, V35 Mode 


P07/CLKOUT C] 


A12/A4 [] 33 


Ai3/A5 (34 


A14/Ag [35 


A+5/A7 C1 36 


Ai6/Ag C] 37 
A17/A1g CT 38 


Ag /UBE C] 40 


82} REFRQ 


P29 /DMARQo C] 48 
P24 /DMAAKO C] 51 


Connect to 

Vpp 

Low level (L) 

High level (H) 

High level through pullup resistor 


P29/TCO LJ 52 





PT7 
PT6 
PTS 
PT4 
PT3 
PT2 
PT4 
PTO 


P17/READY 
P1g/SCKO 

P15 /TOUT 

P14 /INT/POLL 

P13 /INTP2/INTAK 
Pto/INTP1 


P14 /INTPO 
NMI 

P27 /HLDRQ 
P2g /HLDAK 
P25 C1 

P24 /DMAAK1 
P23 /DMARQ1 
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84-Pin LCC, EPROM Programming Mode 


Connect to 


Vpp 

Low level through pullup resistor 
Low level through pullup resistor 
High level through puliup resistor 
Do not connect to these pins. 


~ 
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Pin Identification, V25/V35 Mode 








Symbol VO Function Also Used For Symbol VO Function Aliso Used For 
Port Pins INTAK Out Interrupt acknowledge Pig/INTP2 
P0p-P0g 1/0 Input or output mode canbe = — INTPO In Externalinterruptrequest = P14 
PO, specified per bit CLKOUT INTPT | Pto 
(Pto) NMIIn Non-maskable interrupt; _ INTP2 PigiNTAK 
cannot be used as a general- IOSTB Out 1/O access strobe 
purpose port pin. 
Se a a IS aS ea ER MREQ Out Indicates memory bus cycle 
P1y In Port 1 input lines INTPO start 
Plo INTPT - MSTB Out Memory access strobe 
Pig INTP2 POLL In Wait insertion Pt4/INT 
P14 /O Input or output mode canbe POLL/INT READY In External ready P17 
Pi. specified per bit. “Tour.” 
5 REFRQ Out DRAM refresh pulse 
Pig SCKO RESET In Chip reset 
Pi7 READY RAW Ss Outs Indicates read cycle/write 
P2p /O Input or output mode can be DMARQO cycle 
P2, specified per bit DMAAKO RxD0, Out Serial data 
—_ = RxD1 
P25 TCO 
ana —=———_ SCKO Out Serial clock Pig 
P23 DMARQ1 
STEERS =————— TC Out Indicates DMA completion P29 
P24 DMAAK1 aq 5 
a 1 2 
te = TOUT Out T P : 
—_ —=—=_—- ut imer output 1 
P25 HLDAK . g 
——— —————___ TxD, In Serial data 
P27 HLDRQ TxD1 
PTO-PT7 _In Comparator input os UBE Out 35 mode. Selects. high- 
Pins Other Than Port order memory bank 
Ao Out 35 mode. Selects fow-order  — V25/V35 In V25 or V35 mode selection 
memory bank X1, X2 In Internal oscillator: connect. 
i = crystal or ceramic resonator 
Ar-Aig Out V35 mode. Address bus to X1 and X2, 
AgrA19 Out _V25 mode. Address bus = External clock: connect 
CLKOUT Out System clock POz opposite-phase clock inputs 
ee to X1 and X2., 
CTSO VO Asynchronous mode: send — oxen 
instruction input Vpp In +5-volt power supply pin 
1/O interface mode: receive (both eg) pie 
clock input/output connected) 
CTst In Send instruction input - VTH In Comparator reference 
A ee ne READ SEEN NE OY voltage 
Do-D 2: . 8-bit data b _ 
st AMI a AN a elt GND Ground pin (both GND pins 
Do-D45 /O 35 mode. 16-bit data bus - are connected) 
DMAAKO Out DMA acknowledge P24 , j 
DMAAK1 P24 
DMARQO sn DMA request P29 
DMARQ1 P23 
HLDAK Out Hold acknowledge P25 
HLDRQ In Hold request P27 
INT In External interrupt request P14/POLL 
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Pin Identification, EPROM Programming Mode 


Symbol 1/O Function 

Ao-At4a In Address bus 

CE in Chip enable 

Do-D7 VO Data bus 

OE In Output enable 

PROG In EPROM programming mode setting 


RESET In EPROM mode setting 

Vpp In Write power supply pin 

Vpp In +5-volt power supply pin (both Vpp pins are 
connected 

GND _ 


Ground pin (both GND pins are connected) 


EPROM PROGRAMMING 


The three basic modes of the »PD70P322 are controlled 
by the level at the PROG, V25/V35, and RESET pins. (H 
= high level; L = low level; x = don't care). 

















Mode PROG V25V35 RESET 
V25 H H x 
V35 H L x 
Program L x L 


Table 1 lists the operations that take place in program- 
ming mode and the conditions at the power and control 
pins. Table 2 lists the recommended conditions at pins 
not used in programming mode. 


Table 1. Conditions at Pins Used in Programming 
Mode 

Operation Mode CE OE Vpp Vpp 
Read L L +5V +5V 
Output disable L H 

Standby H x 

Program L +H +12.5V +6V 
Program verify x L 

Program inhibit H H 





Notes: 

(1) PROG and RESET = L 

(2) Apply voltage to Vpp before Vpp. Remove voltage from Vpp before 
Vpp: 

(8) Never apply more than 13.5 V to Vpp even with overshoot. 

(4) x = LorH 

(5) With Ay4 set to 1 (addresses 4000H-7F FFH), write ROM data. At 


verification, output data should be F FH. Thus, itis invalid to write 
program setting Ay4 to 1. 


NEC 


Table 2. Conditions at Pins Not Used in 
’ Programming Mode 

Connection Pins 

Pullup resistor 12, 53, 75, 79 

Pulldown resistor 43, 59-61, 76, 78 

Pullup or pulldown 9 


No connection 1-2, 4-8, 10-11, 30, 36-40, 47-48, 51-52, 


54-58, 62-74, 82-84 


EPROM Write Procedure 


Figure 1 is the flowchart and figure 2 is the timing 
diagram for the following EPROM write procedure. 


Note: The protection seal on the quartz window of the 
«PD70P322 must be in place. 


(1) Apply +6 volts to the Vpp pins and + 12.5 volts to 
the Vpp pin. 


(2) Supply initial address Ay3-Ao. 
(8). Supply write data D7-Do. 
(4) Apply 1-ms program pulse (active low) to CE pin. 


(5) Change to verify operation mode. If data can be 
written normally, go to step (8). 


(6) \f data cannot be written normally, repeat steps (3) 
to (5). 


(7) \f data cannot be written after 25 repetitions, de- 
clare the device faulty. Stop the write operation. 


(8) Supply write data. 

(9) Increment address. ° 

(10) Repeat steps (3) to (9) until the end address is 
reached. 

EPROM Read Procedure 


With the »PD70P322 set up for read operation (table 1), 
the EPROM contents are read into the external data bus 
according to the procedure below. Figure 3 is a simpli- 
fied timing diagram: _ 


(1) Apply +5 volts to the Vpp pins. 
(2) Apply +5 volts to the Vpp pins. 


(8) Input the address of the data to be read to pins 
Ai3-Ao. 

(4) Perform read mode operation. 

(5) Output data to pins D7-Do. 


NEC 


EPROM Erasure 


Data in the EPROM is erased by exposing the quartz 
window in the ceramic package to light having a wave- 
length shorter than 400 nm, including ultraviolet rays, 
direct sunlight, and fluorescent light. 


Note: To prevent unintentional erasure, the protection seal 
on the quartz window should not be removed except for 
EPROM erasure. 


Typically, data is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15 Wes/cm2 (ray intensity x 
exposure time) is required to completely erase the 
EPROM. Erasure by an ultraviolet lamp rated at 12 
mW/cm? takes about 15 to 20 minutes. The time may be 
prolonged because of a degraded lamp, dirty window, 
etc. Remove any filter on the lamp and place the device 
within 2.5 cm of the lamp tubes. 


pPD70P322 


Figure 1. EPROM Write Procedure Flowchart 


Write start 


Supply power 
voltage 


Supply initial 
address 


Supply write data 
Supply program 
pulse 


Write cannot be 
made (less than : 


= Write cannot be made 
25 repetitions) 


5 titi 
Verify mode (25th repetition) 


Write OK 


Perform additional | X = Number of 
write (3X ms pulse) write repetitions 


Increment address 


< End address End address 


? 


> End address 


Write completion 


Faulty device 
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Figure 2. EPROM Write and Verify Timing 





Repeat x times 


| Write | Verify | Additional write | 
Address input 
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Figure 3. EPROM Read Timing System Clock 


Ta = -10 to +70°C; Vpp = +5.0 V +10%; 
Vsg = OV; Vry = Oto Vpp + 1 


83YL.-6790A 









Parameter Min Max Min. Max Unit 
Internal Oscillator 

Frequency, fyx 4 10 4 16 MHz 
External Clock 

Frequency, f, 4 10 4 16 MHz 
Rise/fall time, ta/te 0 10 0 10 ns 


X1 input, high/low 35 250 20 250 ns 
level width, toy/to 







System Clock Control Circuit 





Internal Oscillator 


INSTALLATION 


Direct soldering to pins of the .PD70P322 is not allowed. 
The device must be installed in a socket. 





ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings 


Ta = 25°C 

Supply voltage, Vpp -0.5 to +7.0 V Mount the capacitors and crystal or ceramic 

Fe Lg eae Ye ode IL OY Oo ke OE Se ey A a ee a Eee resonator as close to pins X1 and X2 as possible. 
Input voltage, V, -0.5 tO Vpp +0.5 = +7.0V 

Sten aap Se ee a ee ee ee Do not route other signal lines through the shaded 
Output voltage, Vo -0.5 to Vpp +0.5 <= +7.0V area. 

Threshold voltage, Vr H -0.5 to Vpn +0.5 = +7.0V 

Output current low, lo. Each output pin 4.0 mA (total 50 mA) External Clock 
Output current high, lo Each output pin -2.0 mA (total -20 mA) 

Operating temperature range, Topt -40 to +85°C 

Storage temperature range, Tstg -65 to +150°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 
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Capacitance 
Ta = 25°C; Vop = OV 


Parameter Symbol Max Unit Conditions 
Input capacitance cq 10 pF fo = 1 MHz; 
Output capacitance Co 20 pF Mane Asured pine 


returned to ground 
/O capacitance Cio 20 pF 


uPD70P322 


Recommended Oscillator Components 


NEC 


Crystal (Note 2) Capacitors 
Manufacturer Product No. C1 (pF) C2 (pF) 
Kinseki HC-49/U 15 15 

HC-43/U 15 15 
Notes: 


(1) Ceramic resonator product no. includes the frequency: 10.0 or 
16.0 MHz. 


(2) Crystal frequencies: 10, 16 MHz. 


Typ 


Conditions 


All except RESET, P1o/NMI, X1, X2 
RESET, P1o/NMI, X1, X2 


Output voltage, low VoL 


lo. = 1.6 mA 


. Output voltage, high Vou 


0.5 
50 
20 


65 


lon = -0.4 mA 

EA, P1o/NMI; Vin = 0 to Vop 

All except EA, P19/NMI; Viy = 0 to Vpp 
Vo = 010 Vop 

VrH = 0 to Vpp 

Operation mode 

HALT mode 

STOP mode 

Operation mode 


Vpp Supply current, «PD70P322-8 Ipp1 


Ceramic Resonator (Note 1) Capacitors 
Manufacturer Product No. C1 (pF) C2 (pF) 
Kyocera KBR-10.0M 33 33 
Murata Mfg. CSA.10.0OMT 47 47 
CSA16.0MX040 30 30 
TDK FCR10.M2S 30 30 
FCR16.0M2S 15 6 
DC Characteristics 1; V25/V35 Mode 
Ta = -10 to +70°C; Vpp = +5.0V +10 % 
Parameter Symbol Min 
Input voltage, low - Mi 0 
input voltage, high Vina 2.2 
Vin2 0.8 Vop 
Vpp — 1.0 
Input current lin 
Input leakage current hy 
Output leakage current lLo 
VrH supply current tH 
Vop Supply current, .PD70P322 lpp1 
Ipp2 
Ipps 
Ipp2 
Ipps 


25. 
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DC Characteristics 2; EPROM Program Operation 


Ta = 25 +5°C; Vpop = 6.0 +£0.25 V; Vpp = 12.5 +03 V 


Typ 


HALT mode 
STOP mode 


Unit Conditions 


Input voltage, low Vit -0.3 


pA Vin = 0 tO Vpp 
—400 nA 


< 

S 

z 
ut 


Outputvoltage, high ==S*oHS*=é<“<«*‘ i TSCO:*“‘“(‘’SNC#O#O#*#*;*;*;*~*~””OUOUMOO gy = =400nA 


Max Unit 

0.8 Vv 

Vop Vv 

Vop Vv 

0.45 V 

Vv 

+20 pA 
+10 pA 
+10 pA 
1.0 mA 
100 mA 
40 mA 
30° pA 
120 mA 
50 mA 
30 pA 

Max 
Vpp + 0.3 
08 
10 
0.45 


Vv lol =1.6mA . 


Vpp supply current lpp 


Parameter Symbol Min 
Input voltage, high Vin 2.2 
Input leakage current ly 

Vop - 1 
Output voltage, low VoL 
Vpp Supply current Ipp 


40 


mA - CE = Vi» OE = Vin 


10 


y A 
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DC Characteristics 3; EPROM Read Operation 























Ta =25 +5°C 

Parameter Symbol Min Typ Max Unit Conditions 

Power supply voltage Vop 4.5 5.0 5.5 Vv 

Write power supply voltage Vpp Vv Vpp = Vop 

Input voltage, high Vin 2.2 Vpp + 0.3 Vv 

Input voltage, low Vit -0.3 0.8 Vv 

Input leakage current lu 10 pA Vin = 0 to Vpp 
Output voltage, high Vou Vpp - 1 Nv lon = ~400 pA 
Output voltage, low VoL 0.45 Vv lo. =1.6 mA 

Output leakage current lo 10 pA Vout = 0 to Vpp; OE = Vin 
Vpp supply current lop 40 mA CE = Viti Vin = Vin 
Vpp Supply current Ipp 1 100 pA Vpp = Vpp 





AC Characteristics 1; V25/V35 Mode 
Ta = -10 to +70°C; fo_k = 0.5 to 5 MHz with Vpp = 5 V +10%; fo. = 5 to 8 MHz with Vpp = 5 V +5% 

















70P322 70P322-8 : 
Parameter Symbol Min _ Max Min Max Unit Conditions 
Input rise, fall times tin, tie 20 20 ns Except X1, X2, RESET, NMI 
Input rise, fall times (Schmitt) tins, ties 30 30 ns RESET, NMI 
Output rise, fall times tor: tor 20 20 ns Except CLKOUT 
X1 cycle time — toyx | 98 250 62 = 250 ns 
X1 width, low twxL 35 20 ns 
X1 width, high twxH 35 20 ns 
X1 rise, fall times txr, tye 20 20 ns 
CLKOUT cycle time tcovK 200 2000 125 2000 ns CLKOUT = f,/2 
CLKOUT width, low twkL O.5T - 15 0.5T - 15 ns T= toyK 
CLKOUT width, high twkKH 0.5T - 15 0.5T - 15 ns 


CLKOUT rise, fall times tka, tke 15 15 ns 


AC Characteristics 2; V25 Mode 
Ta = -10 to +70°C; C, = 100 pF (max); T = toyx; n = number of wait states inserted 
fox = 0.5 to 5 MHz with Vpp = 5 V 10%; fo_k = 5 to 8 MHz with Vpp = 5 V 5% 





Parameter Symbol Min Max Unit Conditions 
Address delay time toKa 90 ns 
Address valid to input data valid tpapR (n+1.5)T - 90 ns 
MREG to data delay time tpmrD (n+1)T - 75 ns 
MSTB to data delay time tpmsp (n+0.5)T-75 ns 
MREG to TC delay time tomaTc 0.5T + 50 ns 
MREQ to MSTB delay time tpmams 0.5T - 35 O.5T + 35 ns 
MREQ width, low twmMAL (n+1)T - 30 ns 
Address hold time tHMA 0.5T — 30 ns 
Input data hold time tumpR 0 ns 
Next control setup time tscc T-25 ns 


TC width, low twicL 2T - 30 ns 
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AC Characteristics 2; V25 Mode (cont) 





Parameter 
Address data output 


MSTB width, low 


Data output setup time 
Data output hold time 
IOSTB delay time 
IOSTE to data input 
IOSTB width, low 
Address hold time 

Data input hold time 
Output data setup time 
Output data hold time 
Next DMARQ setup time 
DMARQ hold time 
DMAAK read width, low 





DMAAK to TC delay time 
DMAAK write width, low 
REFRG delay time 

REFRO width, low 

Address hold time 

RESET width, low 

RESET width, low 

MREQ, IOSTB to READY setup time 
MREQ, IOSTB to READY hold time 
HLDAK output delay time 

BUS control float to HLDAK J 
HLDAK f to control output time 
HLDRQ.+ to control output time 
HILDAK width, low 

HLDRQ setup. time 

HLDRQ to HLDAK delay time 
HLDROQ width, low 

INTP, DMARQ setup time 

INTP, DMARQ width, high 

INTP, DMARQ width, low 

POLL setup time 

NMI width, high 

NMI width, low 

CTS width, low 
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Symbol 
tpapw 
tpAMR 
tpaMs 
twMsL 


tspm 
tympw 
tpais 
tpisp 
twist 
tHISA 
tHISDR 
tspis 
tHISDW 
tspADQ 
tHDADQ 
tWDMRL 


tpDaTC 
twDMWL 
tDARF 
tWRFL 
tHRFA 
twRSL1 
twrsL2 
tscry 
tHCRY 
tpKHA 
tCFHA 
tpHAG 
tpHac 
tWHAL 
tsHaK 
tDHQHA 
twHaL 
tsiak 
twiaH 
twiat 
tspLk 
twNlH 
tWNIL 
twerTL 


Min Max 
O.5T + 50 
0.5T - 30 
T-30 


(n+0.5)T - 
30 


(n+1)T - 50 

0.5T - 30 

0.5T - 30 

(n+1)T - 90 

(n+1)T - 30 

0.5T - 30 

0 

(n+1)T - 50 

0.5T — 30 


0 


(n+1.5)T - 
30 


0.5T + 50 
(n+1)T - 30 
0.5T - 30 
(n+1)T - 30 
0.5T - 30 
30 
5 
(n - 1)T - 100 
(n - 1)T 
80 
T-50 
T-50 
3T + 30 


3T + 160 


Unit 


NEC 


Conditions. 


Demand mode 


Demand mode 


STOP mode release/Power-on reset 
System reset . 

n22 

n2=2 
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AC Characteristics 2; V25 Mode (cont) 








Parameter Symbol Min Max Unit Conditions 
INT setup time tsirnk 30 ns 
INT hold time tHiala 0 ns 
INTAK width, low twiaL 2T - 30 ns 
TNTAK delay time toKiA 80 ns 
INTAK width, high twiAH T-30 ns 
INTAK to data delay time tpolaD aT - 130 ns 
TNTAK to data hold time tHiaD 0 0.5T ns 
SCKO cycle time tcyTK 1000 ns 
SCKO (TSCK) width, high twsTH 450 ns 
SCKO (TSCK) width, low twsTL 450 ns 
TxD delay time toTKD 210 ns 
TxD hold time tutKp 20 ns 
CTSO (RSCK) cycle time tcyrK 1000 ns 
CTSO (RSCK) width, high twsrRH 420 ns 
CTSO (RSCK) width, low tWSRL 420 ns 
RxD setup time tsADK 80 ns 
RxD hold time tuKRD 80 ns 





AC Characteristics 3; V35 Mode 
Ta = ~10 to +70°C; C_ = 100 pF (max); T = tcyx; n = number of wait states inserted 
foLk = 0.5 to § MHz with Vpp = 5 V £10%; fork = 5 to 8 MHz with Vpp = 5 V +5% 


Parameter Symbol Min Max Unit Conditions 

Address delay time toKa 90 ns 

Address valid to input data tpaDR (n+1.5)T - 90 ns 

valid 

MREQ to data delay time tomrapD (n+2)T - 75 ns 

MSTB to data delay time tpmsp (n+1)T -75 ns 

MREQ to TC delay time tpmMRTC 0.5T + 50 ns 

MREQ to MSTB delay time tpMRMS1 T- 35 T + 35 ns Read operation 
tpmRMS2 (n + 1)T-35 (n + 1)T + 35 ns Write operation 
tomMRMS 0.5 T - 30 ns 

MREQ width, low tWMRL (n+2)T - 30 ns 

Address hold time tHMA 0.5T — 30 ns 

Input data hold time tumor 0 ns 

Next contro! setup time tscc T-25 ns 

TC width, low twrcL 2T - 30 ns 

Address data output tpapw 0.5T + 50 ns 

MREQ delay time tpAMR 0.5T — 30 ns 

R/W to MSTB delay time tpams 0.5T — 30 ns 
towms (n + 0.5)T — 30 ns 

MSTB width, low twmst1 (n + 1)T-30 ns Read operation 
twmsL2 T-30 ns Write operation 
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AC Characteristics 3; V35 Mode (cont) 


Parameter 

Data output setup time 
Data output hold time 
IOSTB delay time 
iOSTB to data input 
IOSTB width, low 
Address hold time 

Data input hold time 
Output data setup time 
Output data hold time 
Next DMARQ setup time 
DMARGQ hold time 
DMAAK read width, low 
DMAAK to TC delay time 
DMAAK write width, low 
REFROQ delay time 

REF RQ width, low 
Address hold time 
RESET width, low 
RESET width, low 


MREQ, IOSTB to READY setup 
time 


MREQ, IOSTB to READY hold 
time 











HLDAK output delay time 

BUS control float to HLDAK | 
HLDAK f to control output time 
HLDRQ J to control output time 
HILDAK width, low 

HLDRQ setup time 

HLDRQ to HLDAK delay time 
HLDRQ width, low 

INTP, DMARQ setup time 

INTP, DMARQ width, high 

INTP, DMARQ width, low 

POLL setup time 

NMI width, high 

NMI width, low 

CTS width, low 

INT setup time 

INT hold time 

TNTAK width, low 

INTAK delay time 
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Symbol 


tspm 
tympw 
tpmris 
tpoisp 
twisL 
tHISA 
tHisDR 
tspis 
tHISDR 
tspaDQ 
tHDADQ 
twoMRAL 
tppaTc 
twoMWL 
tDARF 
twreL 
tHRFA 
twrs_i 
twrsL2 
tscry 


tHCRY 


tDKHA 
tCFHA 
tDHAG 
tpHac 
tWHAL 
tSHOK 
tpHQHA 
twHaL 
tstak | 
twiaH 
twiat 
tspLk 
twNIH 
twniL 
tweoTL 
tsink 
tHaia 
tWIAL 
tDKIA 


Min Max 
(n+2)T - 50 
0.5T - 50 
T-35 
(n + 1)T-90 
(n+1)T - 30 
0.5T - 30 
0 
(n+2)T - 50 
0 


0 
(n+1.5)T - 30 
O.5T + 50 
(n+2)T - 30 
0.5T - 30 
(n+1)T - 30 
0.5T - 30 
30 
5 
nT — 100 


nT 


80 
T-50 
T-50 
3T + 30 


30 
3T + 160 
1.5T 
30 
8T 
8T 
30 


2T 
30 


2T - 30 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ms 
ps 
ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
us 
us 
ns 
ns 
ns 
ns 


ns 
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Conditions 


Demand mode 


Demand mode 


STOP mode release/Power-on reset 
System reset 
n22 


n2z2 
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AC Characteristics 3; V35 Mode (cont) 
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Parameter Symbol Min Max Unit Conditions 

INTAK width, high tWIAH T-30 ns 

INTAK to data delay time tpiaD 2T - 130 ns 

INTAK to data hold time tHiAD 0 0.5T ns 

SCKO cycle time toyTx 1000 ns 

SCKO (TSCK) width, high twsTH 450 ns 

SCKO (TSCK) width, low twsTL 450 ns 

TxD delay time . tpTKD 210 ns 

TxD hold time tHTKD 20 ns 

CTSO (RSCK) cycle time toyrRK 1000 ns 

GTSO (RSCK) width, high twsRH 420 ns 

CTSO (RSCK) width, low twsrL 420 ns 

RxD setup time tsrapK 80 ns 

RxD hold time tuKRD 80 ns 

AC Characteristics 4; EPROM Program Operation 

Ta = 25 +5°C, Vpp = 6.0 +0.25 V; Vpp = 12.5 +0.3V Ac | 
Parameter Symbol Min Typ Max Unit Condition 
Address setup time to CE J tas 2 us 

OE setup time toes 2 us 

Data input setup time to CE J tos 2 ps 

Address retention time taH 2 LS 

Data input retention time too 2 ps 

OE to data output float delay tor 0 1 us 

Vpp setup time to CE J typs 2 us 

Vpp setup time to CE | tvos 2 us 

Initial program pulse width tpw 0.95 1.0 1.05 ms 

Additional program pulse width topw 2.85 78.75 ms 

OE to data output delay time toe 2 us 

AC Characteristics 5; EPROM Read Operation 

Ta = 25 +5°C, Vop = 5.0 £0.5 V; Vpp = Vop 

Parameter Symbol Min Typ Max Unit Condition 
Address to data output delay time tacc 2 ps CE = OF = Vi 
CE to data output delay time tcE 2 us OE = Vit 
OE to data output delay time toe 1 us CE = Vit 
OE to data output float delay tor 0 1 us CE = Vi 
Address to output retention tou 0 ps CE = OF = ViL 
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Figure 4. EPROM Program Operation Timing 
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Figure 5. EPROM Read Operation Timing Comparator Characteristics 
Ta = -10 to 70°C; fork = 0.5 to 5 MHz with Vpp =5V + 10%; 
foLk = 5 to 8 MHz with Vpp = 5 V +5% 
Parameter Symbol Min Max Unit 
Accuracy VAcomP - +100 mV 
Threshold voltage VrH 0 Vop +0.1 - Vv 
Comparison time tcomp 64 65 _ toyk 
PT input voltage Viet 0 Vpp V 


Data Memory STOP Mode; Low Supply Voltage 
Data Retention 
Ta = -10 to +70°C 


Parameter Symbol Min Max Unit 
Data retention supply voltage Vpppr 2.5 5.5 Vv 


; Vpp tise, fall time tev: tevp ~=—s_- 200 BS 
ee 


* To read within the range of t ACC: set the delay 
of OE from CE fall to tacc — toe (Max). 
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Description 


The uPD70325 (V25 Plus) is a high-performance, 16-bit, 
single-chip microcomputer with an 8-bit external data 
bus. The uPD70325 is fully software compatible with the 
uPD70108/116 (V20@/30® as well as the uPD70320/330 
(V25™/35™). The V25 Plus microcomputer demon- 
strates numerous enhancements over the standard V25; 
however, it maintains strict pin Compatibility with its 
predecessor, the V25. 


The V25 Plus offers improved DMA transfer rates to 5 
megabytes/second, additional serial channel status 
flags, improved memory access timing, and enhanced 
software control of register bank context switching. 


The uPD70325 has the same complement of internal 
peripherals as the V25 and maintains compatibility with 
existing drivers; however, some modification of DMA 
device drivers may be necessary. The uPD70325 does 
not offer on-chip ROM or EPROM. 


Features 


16-bit CPU and internal data paths 
Functional and pin compatibility with V25 
Software compatible with uPD8086 

New and enhanced V-Series instructions 
6-byte prefetch queue . 
Two-channel high-speed DMA controller 


Minimum instruction cycle 
— 250 ns at 8 MHz 
— 200 ns at 10 MHz 


O O88 O 0 0 0 0 


V20 and V30 are registered trademarks of NEC Corporation. 
V25 and V35 are trademarks of NEC Corporation. 
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pPD70325 (V25 Plus) 
16-Bit Microcomputer: 


High-Speed DMA, Single-Chip, CMOS 


Internal 256-byte RAM memory 
1-megabyte memory address space 
Eight internal memory-mapped register banks 


Four multifunction I/O ports 
— 8-bit analog comparator port 
— 20 bidirectional port lines 
- —Four input-only port lines 


Q Two independent full-duplex serial channels 


Q Priority interrupt controller 
— Standard vectored service 
— Register bank switching 
— Macroservice 


Pseudo SRAM and DRAM refresh controller 
Two 16-bit timers 

On-chip time base counter 

Programmable wait state generator 

Two standby modes: STOP and HALT 


oO oF a 0 


Oo OF O80 0 0 


Ordering Information 


Part Number Clock (MHz) Package 
uPD70325L-8 8 84-pin PLCC 
L-10 10 
GJ-8 8 94-pin plastic QFP 
GJ-10 10 
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Pin Configurations 
84-Pin PLCC 


82 |] REFRQ 
81 LJ RESET 


P07/CLKOUT 
Do 
Dy 
Do" 
Dg 
D4 
Ds 
Dg 
D7 
Ao 
A 
A2 
Ag 
Ag 
As 
AG 
A7 
Ag 
Ag 

A10 
Ait 


P17 /READY 
P16 /SCKO 
P15 /TOUT 
P44 /INT/POLL 
P13 /INTP2/INTAK 
P12 /INTP1 
P44 /INTPO 
P19 /NMI 

P27 /HLDRQ 
P2g /HLDAK 
P25 /TC1 

P24 /DMAAK1 
P23 /DMARQ1 





P20/Tco Of 52 


P29/DMARQO CJ 48 
P24 /DMAAKO (J 51 


Notes: 


(1) Pin functions are identical to 1PD70320. 


(2) All IC pins should be tied together and pulled up to V pp with a 
10- to 20-kQ resistor. 


(3) EA must be tied low because p#PD70325 does not support internal 
ROM or EPROM. 
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94-Pin Plastic QFP 


73 11 Po7/CLKOUT 


A12 
NC 
A13 
A14 
A415 
A16 
A147 
A418 
Aig 
RxDO 
GND 
CTSO 
TxDO 
RxD1 
CTSs1 
TxD1 
P20 /DMARQO . 
IC 


COON DOA WAND = 





VDD 

P24 /DMAAKO 
NC 

P22/TCO 


Pig /NM! (J 30 
P14 /INTPO [9 31 
P19 JINTP1 (] 32 
P15 TOUT 35 


P25 /TC1 [] 27 
Pig /INTP2/INTAK [J 33 


P23 /DMARQ1 []} 25 
P24 /DMAAK1 [] 26 
P2g/HLDAK [] 28 
P27/HLDRQ [J 29 
Pig /INT/POLL C} 34 
Pig /SCKO LJ 36 
P17 /READY CL] 37 


Notes: 
(1) Pin functions are identical to 1. PD70320. 


(2) All IC pins should be tied together and pulled up to V pp with a 
10- to 20-kQ resistor. 


(3) EA must be tied low because }PD70325 does not support internal 
ROM or EPROM. 
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Pin Identification 


Symbol Function 

AgrAi9 Address bus outputs 

CLKOUT . System clock output 

CTS0 Clear to send channel 0 input 
CTst Clear to send channel 1 input 
Do-D7 Bidirectional data bus 

EA External access 

lOSTB /O strobe output 

MREQ Memory request output 

MSTB Memory strobe output 

PO -P07 1/O porto 

P1o/NMI Port 1 input line; nonmaskable interrupt 
P14-P1o/INTPO- Port 1 input lines; external interrupt input lines 
INTP1 . 

P1g/INTP2ANTAK Port 1 input line; external interrupt input line; 

interrupt acknowledge output 

P1g/NT/POLT I/O port 1; interrupt request input; I/O poll input 
P1s/TOUT /O port 1; timer out 

Pig/SCKO VO port 1; serial clock output 
P17/READY I/O port 1; ready input 
P29/DMARQO \/O port 2; DMA request 0 
P24/DMAAKO /O port 2; DMA acknowledge 0 
P2/TCO /O port 2; DMA terminal count 0 
P23/DMARQ1 /O port 2; DMA request 1 
P2,/DMAAK1 VO port 2; DMA acknowledge 1 
P25/TCT 1/O port 2; DMA terminal count 1 
P2¢6/HLDAK /O port 2; hold acknowledge output 
P27/HLDRQ /O port 2; hold request input 
PTO-PT7 Comparator port input lines 
REFRQ Refresh pulse output 

RESET Reset input 

RxD0 Serial receive data channel 0 input 
-RxD1 Serial receive data channel 1 input 
RAW Read/Write output 

TxDO Serial transmit data, channel 0 input 
TxD1 Serial transmit data, channel 1 input 
X1, X2 Crystal connection terminals 

Vop Positive power supply voltage 

VTH Threshold voltage Input 

GND Ground reference 

IC Internal connection 





PIN FUNCTIONS 
Ao-Aig (Address Bus) 


Ao-Ajg is the nonmultiplexed 20-bit address bus used to 
access all external devices. 


_ CLKOUT (System Clock) 


This is the internal system clock. It can be used to 
synchronize external devices to the CPU. 


CTS§n, RxDn, TxDn, SCKO (Clear to Send, 
Receive Data, Transmit Data, Serial Clock Out) 


The two serial ports (channels 0 and 1) use these lines 
for transmitting and receiving data, handshaking, and 
serial clock output. 


Do-D7 (Data Bus) 
Do-D7 is the 8-bit external data bus. 


DMARQn, DMAAKn, TCn (DMA Request, DMA 
Acknowledge, Terminal Count) 


These are the control signals to and from the on-chip 
DMA controller. 


EA(External Access) 


If this pin is low on reset, the »PD70322 (V25) will execute 
program code from external memory instead of internal 
ROM. 


Because the V25 Plus does not support internal ROM, 
the EA pin must be fixed low in hardware. 


HLDAK (Hold Acknowledge) 


The HLDAK output (active low) informs external devices 
that the CPU has released the system bus. 


HLDRQ (Hold Request) 


The HLDRQ input (active high) is used by external 
devices to request the CPU to release the system bus to 
an external bus master. The following lines go into a 
high-impedance status with internal 4.7-kQ pullup resis- 
tors: Ap-Aig, Do-D7, MREQ, R/W MSTB, REFRQ, and 
{OSTB. 











INT (Interrupt Request) 


INT is a maskable, active-high, vectored interrupt re- 
quest . After assertion, external hardware must provide 
the interrupt vector number. 


The INT pin allows direct connection of slave 1PD71059 
interrupt controllers. 
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INTAK (Interrupt Acknowledge) 


After INT is asserted, the CPU will respond with INTAK 
(active low) to inform external devices that the interrupt 
request has been granted. 


INTPO-INTP2 (External Interrupt) 


INTPO-INTP2 allow external devices to generate inter- 
rupts. Each can be programmed to be rising or falling 
edge triggered. 





IOSTB (I/O Strobe) 


IOSTB is asserted during read and write operations to 
external I/O. 


MREQ (Memory Request) 


MREQ (active low) informs external memory that the 
current bus cycle is a memory access bus cycle. 


MSTB (Memory Strobe) 


MSTB (active low) is asserted during read and write 
operations to external memory. 


NMI (Nonmaskable Interrupt) 


NMI cannot be masked through software and is typically 
used for emergency processing. Upon execution, the 
interrupt starting address is obtained from interrupt 
vector number 2. NMI can release the standby modes 
and can be programmed to be either rising or falling 
edge triggered. 


P0o-P07 (Port 0) 


P09-P07 are the lines of port 0, an 8-bit bidirectional 
parallel /O port. 


P19-P17 (Port 1) 


The status of P19-P13 can be read but these lines are 
always control functions. P14-P17 are the remaining lines 
of parallel port 1; each line is individually programmable 
as either an input, an output, or a control function. 


P29-P27 (Port 2) 


P29-P27 are the lines of port 2, an 8-bit bidirectional 
parallel 1/O port. The lines can also be used as control 
signals for the on-chip DMA controller. 


POLL (Poll) 


Upon execution of the POLL instruction, the CPU checks 
the status of this pin and, if low, program execution 
continues. If high, the CPU checks the level of the line 
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every five clock cycles until it is low. POLL can be used 
to synchronize program execution to external condi- 
tions. 


PTO-PT7 (Comparator Port) 


PTO-PT7 are inputs to the analog comparator port. 


READY (Ready) 


After READY is de-asserted low, the CPU synchronizes 
and inserts at least two wait states into a read or write 
cycle to memory or |/O. This allows the processor to 
accommodate devices whose access times are longer 
than nominal »PD70325 bus cycles. 


. REFRQ (Refresh) 


This active-low output pulse can refresh nonstatic RAM. 
It can be programmed to meet system specifications an 
is internally synchronized so that refresh cycles do not 
interfere with normal CPU operation. 


RESET (Reset) 


A low on RESET resets the CPU and all on-chip periph- 
erals. RESET can also release the standby modes. After 
RESET returns high, program execution begins from 
address FFFFOH. 


R/W (Read/Write) 


R/W output allows external hardware to determine if the 
Current operation is a read or a write cycle. It can also 
control the direction of bidirectional buffers. 





TOUT (Timer Out) 


TOUT is the square-wave output signal from the internal 
timer. 


X1, X2 (Crystal Connections) 


The internal clock generator requires an external crystal 
across these terminals. By programming the PRC regis- 
ter, the system clock frequency can be selected as the 
oscillator frequency (fosc) divided by 2, 4, or 8. 


Vpp (Power Supply) 


Two positive power supply pins (Vpp) reduce internal 
noise. 
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Vt (Threshold Voltage) GND (Ground) 


The comparator port uses this pin to determine the Two ground connections reduce internal noise. 
analog reference point. The actual threshold to each 
comparator line is programmable to Vz4x n/16 wheren _!C (Internal Connection) 


=1 to 16. AIL IC pins should be tied together and pulled up to Vpp 
with a 10- to 20-kQ resistor. 





»PD70325 Block Diagram 





yore] Bulbeis 
yore] BulSe1s 


P29 /DMARQO —> 


P2, /DMARQ1 —> 
P24/DMAAK1 ~— 


—— = Interface Internal RAM 
Pig/SCKO em; TNorace 256 Bytes Internal ROM 


CTSO ~+>! 3 8K Bytes 


Lid meer Baud Rate (Reserved) : POLL/INT/Pt 4 
enerator . z 


cist > Channel 


91607 joaU0D sng 


P1 /NMI 
P41 4 /ANTPO Instruction Decoder 
P1o/INTP1 Programmabie Micro Sequencer 


Interrupt i ROM 
Pig /INTP2/ Controller yids 
INTAK 


Pt 4 /INT/ 
POLL 


; Time Base Port with Clock 


; 4 ¥ 


» TOUT/Pts REFRQ PO7/CLKOUT PO Pt P2 PTO-PT7) =-Vty 


Notes: 


(1) The pPD70325 (V25 Plus) is not a masked ROM product. 
Internal ROM is reserved and not accessible. 


(2) Shaded blocks are functionally different on V25 Plus and V25. 
83YL-5731B 


NEC 


FUNCTIONAL DESCRIPTION 


The following features enable the »PD70325 to perform 
high-speed execution of instructions. 


e Dual internal data bus 

e 16- and 32-bit temporary registers/shifters 
@ 16-bit loop counter 

e@ Program counter and prefetch pointer 


Dual Data Bus 


The »PD70325 has two internal 16-bit data buses: the 
main data bus and the secondary data bus. This reduces 
the processing time required for addition/subtraction 
and logical comparison instructions by one third over 


single-bus systems. The dual data bus method allows © 


two operands to be fetched simultaneously from the 
general-purpose registers and transferred to the ALU. 


16- and 32-Bit Temporary Registers/Shifters 


The 16-bit temporary registers/shifters (TA and TB) allow 
high-speed execution of multiplication/division and 
shift/rotate instructions. Using the temporary registers, 
the »PD70325 can execute multiplication/division in- 
structions about four times faster than with the micro- 
programmed method. 


Loop Counter (LC) 


The dedicated hardware loop counter (LC) counts the 
number of iterations for string operations and the num- 
ber of shifts performed for multiple-bit shift/rotate in- 
structions. The loop counter works with internal dedi- 
cated shifters to speed the processing of multiplication/ 
division instructions. 


Program Counter and Prefetch Pointer 
(PC and PFP) 


The hardware PC addresses the memory location of the 
instruction to be executed next. The hardware PFP 
addresses the program memory location to be accessed 
by the instruction queued next. Several clock cycles are 
saved for branch, call, return, and break instructions. 
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Register Set 


Figure 1 shows the eight banks of internal registers, 
which the ».PD70325 has functionally mapped into inter- 
nal RAM. Each bank contains general-purpose registers, 
pointer and index registers, segment registers, and save 
areas for context switching. 


Although these memory locations may be accessed as 
normal RAM with the full set of memory addressing 
modes provided by the V25 family, the capability of 
context switching provides superior. speed in register 
access. When used in the internal memory disabled 
State, many instructions execute considerably faster. 


Eight macroservice channel control blocks are also 
mapped into register banks 0 and 1. The V25 Plus does 
not map the DMA channel control blocks into the inter- 
nal RAM like the V25; instead, these contro! blocks are 
mapped into the special function register area. 
General-Purpose Registers (AW, BW, CW, DW). Four 
16-bit general-purpose registers (AW, BW, CW, and DW) 
can serve as 16-bit registers or as four sets of dual 8-bit 
registers (AH, AL, BH, BL, CH, CL, DH, and DL). The 
instruction classes default to the following general- 
purpose registers. 
AW Word multiplication/division, word 1/O, data 
conversion. 
AL Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation. 
AH Byte multiplication/division. 
BW Translation 
CW Loop control, branch, and repeat prefixes. 
CL Shift instructions, rotate instructions, BCD 
operations. 
DW Word multiplication/division, indirect I/O 
addressing. 


Pointers (SP, BP) and Index Registers (IX, IY). These 
registers are 16-bit base pointers (SP, BP) or index 
registers (IX, lY) in based addressing, indexed address- 
ing, and based indexed addressing. They are used as 
default registers under the following conditions. 


SP _ Stack operations : 
IX __ Block transfer (source), BCD string operations 


1Y Block transfer (destination), BCD string 
operations 
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Figure 1. Internal RAM Mapping 


Eight 32-Byte 
Register Banks 


15 0 

XxxEFFH Register Bank 
xxEEOH 7 

xxECOH 

xxEAOH 

xxE80H 

xxE60H 

xxE40H 

xxE20H 


xxEOOH 


Segment Registers. The segment registers divide the 
1M-byte address space into 64K-byte blocks. Each seg- 
ment register functions as a base address to a block; the 
effective address is an offset from that base. Physical 
addresses are generated by shifting the associated seg- 
ment register left by four binary digits and then adding 
the offset address. The segment registers and default 
offsets are listed below. 


~ Segment Register Default Offset 
PS (Program Segment) PC (Program Counter) 


SS (Stack Segment) SP and Effective Address 
DS0O (Data Segment 0) _—«‘IX and Effective Address 
DS1 (Data Segment 1) _—‘LY and Effective Address 
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32-Byte 
Register Bank 
15 


0) 

AW 
Cw 
DW 
BW 

IX 

IY 
Dso 

8-Byte 


Eight 8-Byte Macroservice Channel 
Macroservice Channels 15 87 


15 Q 
aE SSH 
xxE38H 
xxE30H 
xxE28H 
xxE20H 


SFRP 


xxE10H 
xxE08H 
xxE00H 





‘Save Registers (Save PC and Save PSW). Save PC and 

save PSW are used as the storage areas during register 
bank context-switching operations. The Vector PC save 
location contains the effective address. of the interrupt 
service routine when register bank switching is used to 
service interrupts. 


Program Counter (PC). The PC is a 16-bit binary 
counter that contains the offset address from the pro- 
gram segment of the next instruction to be executed. It 
is incremented every time an instruction is received from 
the queue. It is loaded with a new location whenever the 
branch, call, return, break, or interrupt is executed. 
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Program Status Word (PSW). The PSW contains status 
and control flags used by the CPU and two general- 
purpose user flags. The configuration of this 16-bit reg- 
ister is shown below. 


15 


8 
| 1 | pe2 | rer | reo | v | om | ie | BRK 
7 : 0 
| s Lz [ri [ac] ro | P | erK| oy | 


Status Flags Control Flags 


V Overflow bit DIR Direction of string 
S Sign processing 
Z Zero IE Interrupt enable 
AC Auxiliary carry BRK Break (after every 
P Parity instruction) 
CY Carry RBn _. Current register 
bank flags 
BRKI I/O trap enable 
FO,F1  General-purpose 


user flags 


The eight low-order bits of the PSW can be stored in 
register AH and restored using a MOV instruction. The 
only way to alter the RBn bits with software is to execute 
an RETRBI or RETI instruction. 


Memory Map 


The wPD70325 has a 20-bit address bus that can directly 
access 1 megabyte of memory. Figure 2 shows the 
memory map. The internal data area (IDA) is a 256-byte 
internal RAM area followed consecutively by a 256-byte 
special function register (SFR) area. 


All the data and control registers for on-chip peripherals 
and |/O are mapped into the SFR area and accessed as 
RAM. 


The IDA is dynamically relocatable in 4K-byte increments 
by changing the value in the internal data base (IDB) 
register. The value in this register is assigned as the 
uppermost eight bits of the IDA address. The IDB register 
is accessed from two memory locations, FFFFFH and 
XXFFFH, where XX is the value in the IDB register. 


On reset, the internal data base register is set to FFH, 
which maps the IDA into the internal ROM space. How- 
ever, since internal ROM is not present on the »PD70325, 
this does not present a problem. You can select any of 
the eight possible register banks, which occupy the 
entire internal RAM space. Multiple register bank selec- 
tion allows faster interrupt processing and facilitates 
multitasking. 
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In large-scale systems where internal RAM is not re- 
quired for data memory, internal RAM can be removed 
completely from the address space and dedicated en- 
tirely to register banks and control functions such as 
macroservice. You do this by clearing the RAMEN bit in 
the processor control register. When the RAMEN bit is 
cleared, internal RAM can only be accessed by register 
addressing or internal control processes. Many instruc- 
tions execute faster when internal RAM is disabled. 


Figure 2. Memory Map 


FFFFFH 


XXFFFH Special Function 


Registers 
(256 Bytes] 


External 
Area XXFOOH 
XXEFFH 
Internal RAM 
{256 Bytes] 
XXE00H 


Vector 
Table 


(1K Bytes) oocooH 


1M Bytes Memory Space 
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INSTRUCTIONS 


The »PD70325 instruction set is fully compatible with the 
V20 native mode instruction set. The V25 Plus is a 
superset of the »PD8086/8088 instruction set with differ- 
ent execution times and mnemonics. 


The »PD70325 does not support the V20 8080 emulation 
mode. 
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Enhanced Instructions 


In addition to the »PD8086/8088 instructions, the 
p»PD70325 provides the following enhanced instructions. 


10 


Instruction Description 

PUSH imm Pushes immediate data onto stack 

PUSH R “Pushes 8 general registers onto stack 

POP R. Pops 8 general registers from stack 

MUL imm Executes 16-bit multiply of register or 
memory contents by immediate data 

SHL imms8 Shifts/rotates register or memory by 

SHR imms immediate data 

SHRA imms 

ROL imms 

ROR imms 

ROLC imms 

RORC imms 

CHKIND Checks array index against designated 
boundaries 

INM Moves a string from an I/O port to 

memory 
OUTM Moves a string from memory to an I/O 
port 

PREPARE Allocates an area for a stack frame and 

copies previous frame pointers 

DISPOSE. Frees the current stack frame on a 
procedure exit 

Unique Instructions 

The »PD70325 provides the following unique » instruc- 

tions. 

Instruction Description 

INS Inserts bit field 

EXT Extracts bit field 

ADD4S Performs packed BCD string addition 

SUB4S Performs packed BCD string subtraction 

CMP4S Performs packed BCD string comparison 

ROL4 Rotates BCD digit left 

ROR4 Rotates BCD digit right 

TEST1 Tests bit 

SET1 Sets bit 

CLRi Clears bit 

NOT1 Complements bit 

BTCLR Tests bit; if true, clear and branch 

REPC Repeat while carry set 

REPNC Repeat while carry cleared 
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Variable-Length Bit Field Operation Instructions 


Bit fields are a variable-length data structure that can 
range from 1 to 16 bits. The »PD70325 supports two 
separate operations on bit fields: insertion (INS) and 
extraction (EXT). There are no restrictions on the posi- 
tion of the bit field in memory. 


Separate segment, byte offset, and bit offset registers 
are used for insertion and extraction. Following the 
execution of these instructions, both the byte offset and 
bit offset are left pointing to the start of the next bit field, 
ready for the next operation. Bit field operation instruc- 
tions are powerful and flexible and are therefore highly 
effective for graphics, high-level languages, and 
packing/unpacking applications. 


Bit field insertion copies the bit field of specified length 
from the AW register to the bit field addressed by 
DS1:lY:reg8 (8-bit general-purpose register). The bit field 
length can be located in any byte register or supplied as 
immediate data. Following execution, both lY and reg8 
are updated to point to the start of the next bit field. 


Bit field extraction copies the bit field of specified length 
from the bit field addressed by DS0:IX:reg8 to the AW 
register. If the length of the bit field is less than 16 bits, 
the bit field is right justified with a zero fill. The bit field 
length can be located in any byte register or supplied as 
immediate data. Following execution, both IX and reg8 
are updated to point to the start of the next bit field. 


Figures 3 and 4 further illustrate bit field neers and 
bit field extraction, respectively. 


Packed BCD Instructions 


Packed BCD instructions process packed BCD data 
either as strings (ADD4S, SUB4S, and CMP4S) or byte 
format operations (ROR4 and ROL4). Packed BCD 
strings may be 1 to 254 digits in length. The two BCD 
rotation instructions rotate a single BCD digit in the 
lower half of the AL register using the register or 
thememory operand. . 


Bit Manipulation Instructions 


The »PD70325 provides five unique bit manipulation 
instructions that allow you to test, set, clear, or comple- 
ment a single bit in a register or memory operand. This 
increases code readability as well as performance over 
the logical operations traditionally used. to manipulate 
bit data. These instructions also give you additional 
control over on-chip peripherals. 
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Figure 3. Bit Field Insertion j 


Bit length 


Byte boundary Segment base (DS1) 
83-000106B 





Figure 4. Bit Field Extraction 


Bit length Bit offset Byte offset (IX) 





Segment base (DSO) 


83-000107B 





Additional Instructions FINT Finished interrupt; after completion 


Besides the V20 instruction set, the 4PD70325 provides (no operand) of a hardware interrupt request, this 


the following additional instructions. nen uenon mst ee rei 10 peer 
the current priority bit in the in- 


service priority register, ISPR. Not 


instruction Peseription ton for use with NMI or INT interrupt 
BTCLR Bit test and if true, clear and service routines. 

Sfrimms, branch; otherwise, no operation 

short-label : 

STOP Power-down instruction; stops - popeat PTSixes : 
(no operand) oscillator Two repeat prefixes (REPC and REPNC) allow condi- 
RETRBI Return from register bank context tional block transfer instructions to use the state of the 
(no operand) switch interrupt CY flag as the termination condition. This allows inequal- 


ities to be used when working on ordered data, thus 
increasing performance when searching and sorting 
algorithms. 
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Bank Switch Instructions 


The following instructions allow the effective use of the 
register banks for software interrupts and multitasking. 


Instruction 
BRKCS reg 16 


Description 

Performs a high-speed software 
interrupt with context switch to 
register bank indicated by lower 3 
bits of register 16. 


Performs a high-speed task switch 
to register bank indicated by lower 3 
bits of register 16. The PC and PSW 
are saved in the old banks. PS and 
PSW save registers and the new PC 
and PSW values are retrieved from 
the new register bank’s save areas. 


Transfers both SS and SP of old 
register bank to new register bank 
after bank has been switched by an 
interrupt or BRKCS instruction. 


Transfers SS and SP of current 
register bank before switching to SS 
and SP of new register bank indi- 
cated by lower 3 bits of register 16. 


TSKSW reg 16 


MOVSPA 


MOVSPB reg16 


INTERRUPT STRUCTURE 


The »PD70325 can service interrupts generated by both 
hardware and software. Software interrupts are serviced 
through vectored interrupt processing. The following 
interrupts are provided. 


Interrupt Description 

Divide error | The CPU traps if a divide error occurs 
as the result of a DIV or DIVU 
instruction. 

Single step The interrupt is generated after every 
instruction if the BRK bit in the PSW is 
set. 

Overflow Using the BRKV instruction, an 
interrupt can be generated as the 
result of an overflow. 

Interrupt The BRK 3 and BRK imm8 instructions 


instructions 
Array bounds 


can generate interrupts. 


The CHKIND instruction generates an 
interrupt if the specified array bounds 
are exceeded. 
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The CPU traps in an FP01,2 instruction 
to allow software to emulate the 
floating-point processor since the 
»PD70325 does not support an 
external hardware coprocessor. 


If the I/O trap bit in the PSW is cleared, 
a trap is generated on every IN or OUT 
instruction. Software can then provide 
an updated peripheral address. This 
feature provides software portability 
between different systems. 


Escape trap 


1/O trap 


When executing software written for another system, it 
is better to implement I/O with on-chip peripherals to 
reduce external hardware requirements. However, since 
p»PD70325 internal peripherals are memory mapped, 
software conversion may be difficult. The I/O trap fea- 
ture allows for easy conversion from external peripherals 
to on-chip peripherals. . 


Interrupt Vectors 


Table 1 lists the interrupt vectors beginning at physica! 
address 00H. External memory is required to service 
these routines. By servicing interrupts via the macroser- 
vice function or context switching, this requirement can 
be eliminated. 


Each interrupt vector is 4 bytes wide. To service a vector- 
ed interrupt, the lower addressed word is transferred to 
the PC and the upper word to the PS. See figure 5. 


Figure 5. Interrupt Vector 0 


PS < (003H, 002H) 
PC —(001H, 000H) 


83-000112A 


Execution of a vectored interrupt occurs as follows: 


(SP-1, SP-2) <- PSW 
(SP-3, SP-4) < PS 
(SP-5, SP-6) <- PC 

SP <- SP-6 

IE — 0, BRK — 0 

PS < vector high bytes 
PC <- vector low bytes 
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Table 1. Interrupt Vectors 

Address Vector Assigned Use 

00 0 Divide error 

04 1 Break flag 

08 2 NMI 

0c 3 BRKS instruction 

10 4 BRKV instruction 

14 5 CHKIND instruction 

18 6 General purpose 

10 7 FPO instructions 

20-2C 8-11 Generai purpose 

30 12 INTSERO (Interrupt serial error, channel 0) 
34 13 INTSRO (interrupt serial receive, channel 0) 
38 14 INTSTO (Interrupt serial transmit, channel 0) 
3C 15 General purpose 

40 16 INTSER1 (Interrupt serial error, channel 1) 
44 17 INTSR1 (Interrupt serial receive, channel 1) 
48 18 INTST1 (Interrupt serial transmit, channel 1) 
4C 19 /O trap 

50 20 INTDO (interrupt from DMA, channel 0) 

54 21 INTD1 (Interrupt from DMA, channel 1) 

58 22 General purpose 

56 23 General purpose 

60 24 INTPO (Interrupt from peripheral 0) 

64 25 INTP1 (Interrupt from peripheral 1) 

68 26 INTP2 (interrupt from peripheral 2) 

6C 27 General purpose 

70 28 INTTUO (Interrupt from timer unit 0) 

74 29 INTTU1 (Interrupt from timer unit 1) 

78 30 INTTU2 (Interrupt from timer unit 2} 

7¢ 31 INTTB (interrupt from time base counter) 
080-3FF (32-255 General purpose 





Hardware Interrupt Configuration 


The V25 Plus features a high-performance on-chip con- 
troller capable of controlling multiple processing for 
interrupts from up to 17 different sources (5 external, 12 
internal). The interrupt configuration includes system 
interrupts that are functionally compatible with those of 
the V20/V30 and unique high-performance microcontrol- 
ler interrupts. 


Interrupt Sources 


The 17 interrupt sources are divided into groups for 
management by the interrupt controller. Using software, 
each of the groups can be assigned a priority from 0 
(highest) to 7 (lowest). The priority of individual inter- 
rupts within a group is fixed in hardware. 
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Be careful when assigning the priority of a given inter- 
rupt group; the assignment is done by the three priority 
bits in only one interrupt control register in each group. 
If interrupts from different groups occur simultaneously 
and the groups have the same priority level, the priority 
is as shown in table 2. 


Table 2. interrupt Sources 


Interrupt Source 

(Priority Within Group) Default 
Group 1 2 3 Priority 
Nonmaskable Interrupt NMI - = 0 
Timer unit INTTUO =INTTU1 INTTU2 1 
DMA controller INTDO §=6INTDI - 2 
External peripheral interrupt INTPO INTP1 = INTP2 3 
Serial channel 0 INTSERO INTSRO INTSTO 4 
Serial channel 1 INTSER1 INTSR1 INTST1 5 
Time base counter INTTB - 6 
Interrupt request INT - - 7 





The priority of the currently active interrupt is stored in 
the ISPR special function register. Bits PR7-PRo corre- 
spond to the eight possible interrupt request priorities. 
The ISPR keeps track of the priority of active interrupts 
by setting the appropriate bit of this register. The address 


_ Of this 8-bit register is xxFFCH, and the format is shown 


below. 


[Per | Pre | PRs | Re | Pre | PRe | PR: | PRD | 


NMI and INT are system type external vectored inter- 
rupts. NMI is not maskable via software, and is also 
recognized by the »PD70325 during DMA demand- 
release transfer. INT is maskable by the IE bit in the PSW 
and requires that an externa! device provide the interrupt 
vector number. It is designed to allow the interrupt 
controller to be expanded by the addition of an external 
interrupt controller such as the »PD71059. 


NMI, INTPO-INTP1 are edge-sensitive inputs. By select- 
ing the appropriate bits in the interrupt mode register, 
these inputs can be programmed to be either rising- or 
falling-edge triggered. Bits ESO-ES2 correspond to 
INTPO-INTP2, respectively, as shown in figure 6. 
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Figure 6. 


External Interrupt Mode Register (1NTM) 


7 


ES2 


Address xxF 40H 


INTP2 Input Effective Edge 


Falling edge 
Rising edge 


INTP1 Input Effective Edge 


Falling edge 
Rising edge 


INTPO Input Effective Edge 


Falling edge 
Rising edge 


NMI Input Effective Edge 


Falling edge 
Rising edge 


The five external interrupts are: 


NMI 
INT 
INTPO 
INTP1 
INTP2 


Table 3. Interrupt Processing 


Interrupt 
Source 


NMI 

INT 
INTTUO 
INTTU1 
INTTU2 
INTDO 
INTD4 
INTPO 
INTP4 
INTP2 
INTSERO 
INTSRO 
INTSTO 
INTSER1 
INTSR1 
INTST1 
INT TB 
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Nonmaskable interrupt 


Cascaded PIC interrupt 

Interrupt from peripheral 0 
Interrupt from peripheral 1 
Interrupt from peripheral 2 


interrupt Macro 
Vector Service 
2 No 
External No 

28 Yes 

29 

30 

20 No 

21 

24 Yes 

25 

26 

12 No 

13 Yes 
14 Yes 

16 No 

17 Yes 

18 Yes 

31 No 


Bank 
Switching 


No 
No 


Yes 


Yes 


Yes 


Yes 


Yes 


No 
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The twelve internal interrupts are: 


INTTUO Timer unit 0 interrupt 
INTTU1 =Timer unit 1 interrupt 


Not available 0 = Not accepted 


INTTU2 Timer unit 2 interrupt 
INTDO $DMAchannel 0 interrupt 
INTD1 DMA channel 1 interrupt 
INTSERO Serial channel 0 error interrupt 
INTSRO = Serial channel 0 receive interrupt 
INTSTO Serial channel.0 transmit interrupt 
INTSER1 Serial channel 1 error interrupt. 
INTSR1 = Serial channel 1 receive interrupt 
INTST1 Serial channel 1 transmit interrupt 
INTTB Time base counter interrupt 
Table 3 shows the various interrupt request control 
registers, the options for service, their relative priorities, 
and the options for multiple control. 
Priority Priority Priority Multiple 
Setting Between Groups Within Group Process Control 
Not available 7 _ Not accepted 
Available 1 1 Accepted 
2 
3 
Available 2 1 
2 
Available 3 1 
2 
3 
Available 4 1 
2 
3 
Available 5 1 
2 
3 
Not available 6 _ 
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interrupt Processing Modes 


Interrupts, with the exception of NMI, INT, and INTTB 
have high-performance capability and can be processed 
in any of three modes: standard vector method (compat- 
ible with V20/V30), register bank context switching (sup- 
ported in hardware), and macroservice (SFR transfers). 
The processing mode for a given interrupt can be chosen 
by enabling the appropriate bits in the corresponding 
interrupt request control register. Each interrupt, except 
INT and NMI, has its own associated IRC register. The 
general format for each of these registers is shown in 
figure 7. 


All interrupt processing routines other than those for 
NMI and INT must end with the execution of the FINT 
instruction. This instruction informs the interrupt con- 
troller that the current interrupt service routine is com- 
plete; if FINT is not executed within the service routine, 
subsequently only interrupts of higher priority will be 
accepted. 


In the vectored service mode, the CPU traps to a vector 
location. 


Figure 7. Interrupt Request Control Registers 
y 


(IRC, 
| iF | wk [msantiencs| 0 | PRe | PR: | PRo_| 
7 0 
IF Interrupt Flag 
0 No interrupt request generated 
1 Interrupt request generated 
IMK Interrupt Mask 
0 Open (interrupts enabled) 
1 Closed (interrupts disabled) 
MS/INT Interrupt Response Method 
0 Vector interrupt or register bank switching 
1 Macroservice function 
ENCS Register Bank Switching Function 
0 Not used 
1 Used 
PRo-PRo Interrupt Group Priority (0-7) 
000 Highest (0) 
1114 ad (7) 


Register Bank Switching. 


Register bank context switching allows interrupts to be 
processed rapidly by switching register banks. After an 
interrupt, the new register bank selected has the same 
bank number (0-7) as the priority programmed in the 
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associated IRC register. The PC and PSW are automati- 
cally sorted in the save areas of the new register bank, 
and the address of the interrupt routine is loaded from 
the vector PC storage register in the new register bank. 


As in the vectored mode, the IE and BRK bits in the PSW 
are cleared to zero. After processing, execution of the 
RETRBI instruction must be executed to return control. 
to the original register bank and restore the former PC 
and PSW Figures 8 and 9 show register bank context 
switching and register bank return. 


This method of interrupt service offers a dramatic per- 
formance advantage over normal vectored service be- 
cause there is no need to store and retrieve data/ 
registers on the stack. This also allows hardware-based 
real-time task switching in high-speed environments. 


In addition to context switching, the ».PD70325 has a 
task switch opcode (TSKSW) that allows multiple inde- 
pendent processes to be internally resident. Figure 10 
shows the task switching function. 


Figure 8 Register Bank Context Switching 


RBi 


“| SavePsw |’ 


Save PSW 
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Figure 9. 


Register Bank Return 





2 


a 
= 


RBi 
BW 
iY 
DS1 


Save PSW 


Save PC 


Save PSW 


Vector PC 


Reserved 





Interrupt Factor Register 


The »PD70325 provides an additional! register that stores 
the interrupt vector number of the last-serviced interrupt 
request. The register is located in special-function mem- 
ory and is read only in 8-bit operations. This register 
facilitates the use of one register bank to service multiple 
interrupt sources, particularly those within the same 
group (interrupts within the same group will all context 
switch to the same register bank). 


The interrupt vector is stored in the IRQS register as 
shown in figure 11, and is retained until the next interrupt 
request is accepted. The value of the IRQS register is not 
altered by NMI, INT, or macroservice transfers. It is 
generally recommended that the IRQS register be read 
before the El bit is set within the interrupt service routine 
to assure that its contents will not be altered by multiple 
processing routines. 
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Figure 10. Task Switching 


Current 


‘New 

eee 
ee 
ae 
| | 
Lad 


Save PC 


Save PSW 


RB Register bank 
field 


1 


Figure 11. Interrupt Factor Register (IRQS) 


oO) 0 8 Interrupt Vector 
5 


7 4 Address xxFE FH 0 
interrupt Factor Interrupt Vector 
INTTUO 1CH 
INTTU1 IDH 
INTTU2 1EH 
INTDO : 14H 
INTD1 15H 
INTPO 18H 
INTP1 19H 
INTP2 1AH 
INTSERO OCH 
INTSRO ODH 
INTSTO OEH 
INTSER1 10H 
INTSR1 11H 
INTST1 12H 
INTTB 1FH 
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Macroservice Function 


The macroservice function (MSF) is a special micropro- 
gram that acts as an internal DMA controller between 
on-chip peripheral special-function registers and mem- 
ory. The MSF greatly reduces the software overhead and 
CPU time that other processors would require for regis- 
ter save processing, register returns, and other handling 
associated with interrupt processing. 


If the MSF is selected for a particular interrupt, each time 
the request is received, a byte or word of data is trans- 
ferred between an SFR and memory without interrupting 
the CPU. Each time a request occurs, the macroservice 
counter is decremented. When the counter reaches zero, 
an interrupt to the CPU is generated. The MSF also has 
a character search option. When selected, every byte 
transferred is compared to an 8-bit search character and 
an interrupt is generated if a match occurs or if the 
macroservice counter reaches zero. 


Like the NMI, INT, and INTTB, the two DMA controller 
interrupts (INTDO and INTD1) do not have MSF capabil- 
ity. 

Eight 8-byte macroservice channels are mapped into 
internal RAM from XXEOOH to XXE3FH. Each macro- 
service channel contains all necessary information to 
execute the macroservice process. Figure 12 shows the 
components of each channel. 


Figure 12. Macroservice Channels 


Up to 3FH 
XXE08H 


M.S. Channel 0 





= XXEOOH [Internal RAM] 


|~+#——— 16 Bits ——>| 


MSS = Macro service segment 
MSP = Macro service pointer 
SCHR = Search character 
SFRP = Special function register pointer 
MSC = Macro service counter 
49-001345A 
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Setting the macroservice mode requires programming 
the corresponding macroservice control register. Each 
individual interrupt, excluding INT, NMI, serial error, 
DMA, and TBC, has its own associated register. Figure 13 
shows the generic format for all MSC registers. 


Figure 13. Macroservice Control Registers 
(MSC) 
[sme [MeN [SMO] OR [© | Ome | om | ow | 
7 0 
MSM2-MSMo Macroservice Mode 
000 Normal (8-bit transfer) 
001 Normal (16-bit transfer) 
100 Character search (8-bit transfer 
Other combinations are not allowed. 
DIR Data Transfer Direction 
0 Memory to SFR 
1 SFR to memory 
CHo-CHy Macroservice Channel 
000 Channel 0 
L 
111 Channel 7 
TIMER UNIT 


The »PD70325 (figure 14) has two programmable 16-bit 
interval timers (TMO and TM1) on chip, each with vari- 
able input clock frequencies. Each of the two 16-bit timer 
registers has an associated 16-bit modulus register 
(MDO and MD1). Timer 0 operates in the interval timer 
mode or one-shot mode; timer 1 has only the interval 
timer mode. 


Interval Timer Mode 


In this mode, TM0/TM1 are decremented by the selected 
input clock, and, after counting out, the registers are 
automatically reloaded from the modulus registers and 
counting continues. Each time TM1 counts out, inter- 
rupts are generated through TF 1 and TF2 (timer flags 1 
and 2). When TMO counts out, an interrupt is generated 
through TFO. The timer-out signal can be used as a 
square-wave output whose half-cycle is equal to the 
count time. 


Two input clocks derived from the system clock are 
SCLK/6 and SCLK/128. Typical timer values shown be- 
low are based on fogc = 10 MHz and fscik = fosc/2. 


Clock Timer Resolution Full Count 
SCLK/6 1.2 ps 78.643 ys 
SCLK/128 25.6 us 1.678 s 
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Figure 14. Timer Unit Block Diagram 


fscLK 
divided | 





One-Shot Mode 


In the one-shot mode, TMO and MDO operate as indepen- 
dent one-shot timers. Starting with a preset value, each 
is decremented to zero. At zero, counting ceases and an 
interrupt is generated by TFO (from TMO) or TF1 (from 
MDO). 


When TM0 is programmed to one-shot mode, TM1 may 
still operate in interval mode. 


Two input clocks derived from the system clock are 
SCLK/12 and SCLK/128. Typical timer values shown 
below. are based on fogc = 10 MHz and fgcik = fosc/2. 





Clock Timer Resolution Full Count 
SCLK/12 2.4 ws 157.283 ms 
SCLK/128 25.6 ps 1.678 s 


Timer Control Registers 


Setting the desired timer mode requires programming 
the timer control register See figures 15 and 16 for the 
TMC register format. 
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Figure 15. Timer Control Register 0 (TMCO) 


Sa ea 


Address xxF90H 


TSO TMO in Either Mode 


0 Stop countdown 
1 Start countdown 
MOD, MOD) TCLKO TMO Register Clock Frequency 
0 0 0 fscLk/6 (Interval) 
0 0 1 fscik/128 (Interval) 
0 1 0 fgciK/12 (One-shot) 
0 1 1 fgcLK/128 (One-shot) 


MSO MDO Register Countdown (One-Shot Mode) 


0 Stop 
1 Start 
MCLKO MDO Register Clock Frequency | 
0 fscik/12 
1 fgciK/128 
ENTO TOUT Square-Wave Output 
0 Disable 
1 Enable 
ALV TOUT Initial Level When TOUT Disabled by ENTO = 0 
0 Low 
1 High 
MOD, MOD, _ Timer Unit Mode 
0 0 Interval timer 
0 1 One-shot 
1. X Reserved 


Figure 16. Timer Control Register 1 (TMC1) 


RS 


Address xxF91H 
TSi Timer 1 Countdown 
0 Stop 
1 Start 
TCLK1 Timer 1 Clock Frequency 
0 fsciK/6 
1 fsciK/128 
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TIME BASE COUNTER 


The 20-bit free-running time base counter (TBC) controls 
internal timing sequences and is available as the source 
of periodic interrupts at lengthy intervals. One of the four 
interrupt periods can be selected by programming the 
TBO and TB1 bits in the processor control register (PRC). 
The TBC interrupt is unlike the others because it is fixed 
as a level 7 vectored interrupt. Macroservice and register 
bank switching cannot be used to service this interrupt. 
See figures 17 and 18. 


Figure 17. Time Base Interrupt Request 
Control Register (TBIC) 
ee eee 
Address xxFECH 

TBF Time Base Interrupt Flag 

0 No interrupt generated 

1 Interrupt generated 
TBMK Time Base Interrupt Mask 

0 Unmasked 
1 Masked 


Figure 18. Processor Control Register (PRC) 


ae 2 Eade 


Address xxFEBH 
RAMEN Bullt-In RAM 
0 Disable 
1 Enable 
TB, TBo Time Base Interrupt Period 
0 0 2190/oLk 
0 1 2B fou 
1 0 216 /foik 
1 1 220/fo1 
PCK, PCKy System Clock Frequency (foix) 
0 0 fy/2 
0 4 f/4 
1 0 fy/8 
1 1 


Reserved 
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The RAMEN bit in the PRC register allows the internal 
RAM to be removed from the memory address space to 
implement faster instruction execution. 


The TBC (figure 19) uses the system clock as the input 
frequency. The system clock can be changed by pro- 
gramming the PCKO and PCK1 bits in the processor 
control register (PRC). Reset initializes the system clock 
to fosc/8 (fosc = external oscillator frequency). 


Figure 19. 


Time Base Counter (TBC) Block 
Diagram 





REFRESH CONTROLLER 


The »PD70325 has .an on-chip refresh controller for 
dynamic and pseudostatic RAM memory. The refresh 
controller generates refresh cycles between the normal 
CPU bus cycles according to the refresh specifications 
programmed. 


The refresh controller outputs a 9-bit refresh address on 
address bits Ag-Ap during the refresh bus cycle. Address 
bits Ayg-Ag are fixed to Os during this cycle. The 9-bit 
refresh address is automatically incremented at every 
refresh cycle for 512 row addresses. The 8-bit refresh 
mode (RFM) register (figure 20) specifies the refresh 
operation and allows refresh during both CPU HALT and 
HOLD modes. Refresh cycles are automatically timed to 
REFRQ following read/write cycles to minimize the ef- 
fect on system throughput. 





As shown in figure 20, the REFRQ output level is deter- 
mined by the by the RFLV and RFEN bits of the RFM 
register. 
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hasta 20. Retresh Mode Register (RFM) 


ae [ara [ren [es [eve | [ 


Address 20FE1H 


RFLY RFEN REFRQ Output Signal Level 


0 0 0 
1 0 1 
0 1 0 
1 1 Refresh pulse 
HLDRF Automatic Refresh Cycle In HOLD Mode 
. 0 Disabled 
1 Enabled 
HLTRF Automatic Refresh Cycle In HALT Mode 
0. Disabled 
1 Enabled 
RFEN Automatic Refresh Cycle 
0 _ Refresh pin = RFLV 
1 Refresh enabled 
RFW, RFW) No. of Wait States Inserted In Refresh Cycle 
0 0 0 
0 1 1 
1 0 2 
1 1 2 
RFT, RFT Refresh Perlod 
0 0 16/SCLK 
0 1 82/SCLK 
1 0 64/SCLK 
1 1 128/SCLK 
SERIAL INTERF ACE 


The »PD70325 has two full-duplex UARTs, channels 0 
and 1. Each channel has a transmit line (TxDn), a receive 
line (RxDn), and a clear-to-send (CTSn) handshaking 
line. Communication is synchronized by a start bit, and 
either even, odd, or no parity may be programmed. 
Character length may be programmed to either 7 or 8 
bits, and either 1 or 2 stop bits may be selected. 


Each serial channel of the »PD70325 has a dedicated 
baud rate generator, so there is no need to obligate any 
of the on-chip timers to handle this function. The baud 
rate generators allow individual transfer rates for each 
channel and support rates up to 1.25 Mb/s. All standard 
baud rates are available and are not restricted by the 
value of the particular external crystal. 


Each baud rate generator has an 8-bit data register 
(BRGn) that functions as a prescaler to a programmable 
input clock selected by the serial communication control 
register (SCCn). Together these must be set to generate 
a frequency equivalent to the desired baud rate. 
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The baud rate generator can be programmed to obtain 
the desired transmission rate according to the following 
formula: 


SCLK x 106 
BxG = ont 
where 
B = baud rate 


= = baud rate generator register (BRGn) value 
= input clock specification; the value loaded into 
the SCCn register (0 < n < 8) 
SCLK = system clock frequency (MHz) 


Based on the above formula, the following table shows 
the baud rate generator values used to obtain standard 
transmission rates when SCLK = 5 MHz. 


Baud Rate n BRGn Error (%) 
110 7 178 0.25 
150 7 130 0.16 
300 6 130 0.16 
600 5 130 0.16 
1200 4 130 0.16 
2400 3 130 0.16 
4800 2 130 0.16 
9600 1 130 0.16 
19.2k 0 130 0.16 
38.4k 0 65 0.16 
1.25M 0 2 0.00 


In addition to the asynchronous mode, channel 0 has a 
synchronous 1/O interface mode. In this mode, each bit 
of data transferred is synchronized to a serial clock 
(SCLKO). The receive clock may be specified as either 
the internal baud rate generator output or an external 
signal provided on the CTSO input pin (the RSCK bit of 
the SCMO register must be programmed to 0). 





This mode is functionally equivalent to using the serial 
channel as a shift register because data is synchronous 
with the SCLK signal. Data bits from consecutive bytes 
may directly follow one another since no extra bits 
(parity, start, or stop) are added. This mode is compati- 
ble with the #COM75 and »COM$87 series, and allows 
direct interfacing to these devices. 


Figure 21 details the serial communication mode regis- 
ter, which controls the operational mode and data format 
of the serial channel. The serial communication control 
register shown in figure 22 specifies the baud rate 
generator input clock frequency. 
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Figure 21. Serial Communication Mode Registers 


(SCM) 


amor] Ras [Pav [pro [ours FRSC wor [ WOO 
7 0 


TxRDY Transmitter Control 
0 Disabled 
1 Enabled 
RxB Receiver Control 
0 . Disabled 
1 Enabled 
PRTY1-PRTYO Parity Control 
0 0 No parity 
0 1 0 parity (Note 1) 
1 0 ‘Odd parity 
1 1 Even parity 
CLTSK Character Length (Asyne Mode) 
Tx Shift Clock (I/O Interface Mode) 
0 7 bits (Async) 
No effect (I/O intfc) 
1 8 bits (Async) 
Trigger transmit (I/O intfc) 
SLRS CK Stop Bits (Asyne Mode) 
Receiver Clock (I/O Interface Mode) 
0 1 stop bit (Async) 
Ext clock input on CTSO (I/O intfc) 
1 2 stop bits (Async) 
Int clock output on CTS1 (I/O intfc) 
MD1-MDO Mode 
00 1/0 interface (Note 2) 
Oo 1 Asynchronous 
1 x Reserved 
Notes: 


(1) Parity is 0 during transmit and ignored during receive. 
(2) Channel only. , 


The serial communication error registers of the V25 are 
replaced in the »PD70325 with the sérial status registers 
shown in figure 23. These registers provide error flags 
and buffer status information. The error bits are auto- 
matically cleared when the next data byte is received; 
otherwise, these flags are persistent. 


Serial Communication Control 
Register (SCC) 


jo | o | o | © | PAsa| Paso | PRS: | PASS | 
7 0 


Figure 22. 


PRS3-PRSo Baud Rate Generator Input Clock Frequency 
0000 fscikK/2 (n = 0) 
0001 fsciK/4 
0010 fsciK/8 
0011 fscoiK/16 
0100 fsciK/32 
0101 fsciK/64 
0110 fscLK/128 
0111 fsciK/256 
1000 fgcLK/512 (n = 8) 


The TxBE and RxBF bits signal the status of the respec- 
tive transmit and receive buffers. These bits are reset 
automatically when either the baud rate generator or 
serial control register contents are written. The AS (All 
Sent) bit is set when both the transmit buffer and the 
transmit shift register are empty. 


Figure 23. Serial Status Register (SST) 


| Rxdn | as | Tee | RxeF] 0 | ERP | ER | ERO | 
7 0 








RxDn ‘Receive Terminal State 

0,1 Status of RxD pin 

AS All Sent Flag 

0 Data has been written in transmit buffer 

1 Data in transmit buffer and shift register has been sent 
TxBE Transmit Buffer Empty Flag 

0 Data has been written in transmit buffer 

1 Data in buffer has been sent to shift register 
RxBF Receive Buffer Full Flag 

0 Data has been read from receive buffer 

1 Data has been sent from shift register to buffer 


ERP Parity Error Flag 


0 No error 
1 Transmit and receive parity are different 


ERF Framing Error Flag 


0 No error 

1 Stop bit not detected 

ERO Overrun Error Flag 

0 No error : 

1 Data is received before receive buffer outputs previous 
data 
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Figures 24 and 25 show the serial interface block dia- 
gram for asynchronous and I/O interface modes, respec- 
tively. 


Figure 24. Serial Channels 0 and 1; Asynchronous 


Internal 
Bus 


Baud Rate 
Generator 


[Note 1] 


PMC1 


Notes: —— 
[1] Channel 0 only. SCKO outputs high 
level in asynchronous mode. 
49M-000116 


DMA CONTROLLER. 


The »PD70325 has an on-chip, two-channel DMA con- 
troller capable of supporting data transfer at full bus 
bandwidth. Although .the operating modes of the 
»#PD70325 DMA unit are identical to those of the V25, the 
programming and data transfer rates are different. 


Six I/O pins support the operation of the DMA unit. 


® Two active-high request inputs 

e Two active-low acknowledge outputs valid only in 
\/O-to-memory and memory-to-I/O transfer modes 

e@ Two terminal count active-low outputs, driven low 
when the transfer count register is decremented from 
0 (borrow occurs). 


Two memory-to-memory transfer modes (single-step 
and burst) are supported as well as two |/O-to-memory 
modes (single transfer and demand release). Refer to 
table 4. 
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Figure 25. Serial Channel 0; I/O interface Mode 


Baud Rate 
Generator 


Time Base 
Counter 
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Memory-to-Memory DMA Transfers 


Single-Step Mode. The single-step mode allows direct 
memory access for memory-to-memory transfers. These 
transfers take two bus cycles (nominally two clock 
cycles each), one to read the data and the other to write 
it back to memory. The data is stored inside the 
p»PD70325 in a dedicated temporary register between 
the two bus cycles. 


When a DMA request occurs in this mode, DMA and CPU 
bus cycles alternate until the transfer count is reached. 
This mode is provided to allow the user program to 
continue executing at 50% of its normal speed when 
DMA is operational. The single request thus generates a 
full block of data transfer; that is, until terminal count is 
reached. 


Burst Mode. This mode is also a memory-to-memory 
transfer running at full bus bandwidth. Once a request is 
recognized, the DMA unit takes control of the bus and 
continuously transfers data until the terminal count is 
reached for that channel. This mode forces all other 
lower priority bus masters (including the CPU) to hold 
their bus requests until the specified DMA block is 
transferred. 
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Table 4. 


Transmission 


Single-Step Mode 
Memory - memory 


DMA Unit Functional Interaction 


Burst Mode 
Memory - memory 


coverage 
Function Under one time of DMA Under one time of DMA 
request instruction, request, specified times 
one bus cycle and one DMA of DMA transmission 
transmission are alternately are executed. 
executed the specified 
number of times. 
DMA start Rise of DMARQ Rise of DMARQ 
Setting TDMA bit of DMA Setting TDMA bit of DMA 
control register control register 
Halt method Depends on software None 
Interrupt All accepted Not accepted 
during DMA transmission 
During halt Specified times of DMA Specified times of DMA 


transmission are executed . 


transmission are executed 
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Single-Transfer Mode 
Memory - I/O 


One DMA transmission is 
executed every time DMA 
request occurs. 


Rise of DMARQ 


Depends on software 
All accepted 


Same as usual 


Demand Release Mode 
Memory - I/O 


DMA transmission is executed 
while DMARQ terminal is kept 


high-level. 


High level of DMARQ 


Halted at low level 
during DMA transmission 


All accepted except 
during DMA transmission 


Same as usual 


consecutively consecutively 


DMA at channel 1 retained 
while DMA 
at channel 0 is executed 


DMA request 
during DMA 
transmission 


DMA transmission 
is terminated. 


Other DMA is retained until! 


DMA transmission under DMA at channel 1 is retained 
request is executed after one while DMA 
DMA transmission is over at channel 0 is executed. 





1/O-to-Memory DMA Transfers 


/O-to-memory (source synchronized) and memory-to- 
I/O (destination synchronized) transfers are performed 
in one bus cycle (nominally two clock states). These 
transfers drive a single memory address and strobe the 
IORD or IOWR and DMAAK signals. Thus the appropriate 
I/O device and memory location are selected without the 
processor driving the data bus. These transfers are 
designed for high-speed, I/O data transfer reaching 5 
megabytes/ second at 10 MHz. 


Single Transfer. Single-transfer mode responds with 
one DMA transfer per rising edge of the DMA request 
line. After one DMA cycle is performed, contro! is trans- 
ferred back to the CPU until another request is recog- 
nized. Transfers continue, one-per-request, until the ter- 
minal count is reached. 


Care must be taken in the single-transfer mode to ad- 
here to the twiqu and twig. specifications. Although the 
DMA request is latched internally, if the above values are 
not met, the »PD70325 may not detect the following 
rising edge of the request input, and the subsequent 
DMA transfer will not take place. 


Demand Release. Demand release mode continues to 
perform DMA transfers until either terminal count is 
reached or the DMA request is removed. When the 


DMARQ is removed during DMA operation, the DMA 
channel finishes the current transfer and releases the 
bus. 


Note that the twiqy and twig. parameters must also be 
taken into design consideration for the demand release 
mode. The twiqu parameter insures that the DMA request 
is held past the internal sampling point. When the 
DMAAK signal is asserted, the »PD70325 has obviously 
accepted the request. Thus, the twiqy parameter may 
not need to be fully satisfied; that is, the request may be 
removed after the DMAAK signal has been asserted. This 
should not present a problem because it is specified that 
the request must be active until the acknowledge is 
output. 


Demand Release Termination. The demand release 
mode may be released in one of two ways: the pro- 
grammed terminal count is reached; or the DMARQ 
signal is removed. These two conditions differ consider- 
ably in operational characteristics. 


When terminating demand release DMA by the terminal 
count method, there are no restrictions placed on the 
transfer bandwidth, and the transfer rate will maintain 4 
megabytes/second at 8 MHz or 5 megabytes/second at 
10 MHz. This rate is achieved by programming the DMA 
to operate at zero wait states and by sustaining the 
DMARQ until the terminal count signal is asserted. 
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lf demand release mode DMA is terminated by deasser- 
tion of the DMARQ line, then several specifications are at 
issue. The DMAAK signal is triggered from the falling 
clock edge in the middle of B1 with a propagation delay 
of 80 ns max. The DMA request line is sampled on the 
next rising edge of the CPU clock, which is ideally 62.5 
ns later (minus the 10-ns DMARQ setup time). Therefore, 
on a worst-case device, the DMAAK signal is not as- 
serted until after the 1.PD70325 has already sampled the 
DMARGQ line. If DMAAK is used to negate DMARQ, the 
request may not be sampled correctly. This situation 
may be avoided by inserting wait states in the DMA 
transfer to delay the DMARQ sampling point. 





A second issue is the internal propagation delay of the 
DMAAK signal. If the DMARQ input is gated with the 
DMAAK signal in a zero wait-state system, DMAAK is not 
held low long enough to allow internal timing signals to 
fully propagate through the device. 


The result of the above situation must be broken into two 
cases: zero wait-state systems and two wait-state sys- 
tems. The zero wait-state system using DMARQ to ter- 
minate the transfer may “overrun.” This would produce 
one more DMA transfer than the desired number (unless 
terminal count was reached on the transfer during which 
DMARQ was removed). 


The two wait-state system will function normally in the 
above situation since the wait states assure that the 
DMARQ line will be sampled and accepted, thereby 
terminating the transfer without any slippage. In this 
case, the twiat specification may be taken at 3T (min), 
the width of the DMAAK pulse. 


Addresses. Ail DMA addresses are mapped to external 
memory space on the ~PD70325. When a location cor- 
responding to an internal data area is addressed, exter- 
nal memory with the same address will be accessed. . 


Priority. Bus hold and refresh control maintain higher 
bus priority than the DMA unit and are active during 
DMA transmission. If an HLDRQ or REFRQ signal is 
presented during DMA operation, the DMA unit releases 
its DMAAK signal and relinquishes control of the bus to 
the requesting bus master DMA transmission is also 
temporarily halted during an interrupt acknowledge 
cycle. 


HALT State. The »PD70325 will acknowledge a DMA 
request while the CPU is in the HALT state, and the 
processor will return to HALT after the transfer is com- 
pleted. When the DMA terminal count interrupt is pre- 
sented in the HALT state, the processor releases the 
HALT state and returns to normal mode. 
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Latency. The »PD70325 DMA latency time is substan- 
tially faster than the standard V25. Since the DMA 
controller is hardwired, it responds to requests within 
instruction execution. The resulting worst-case latency 
is 14+2W clocks from request to acknowledge and this 
typical value will be 4 system clocks. 


DMA Registers 


The »PD70325 DMA registers differ from those on the 
standard V25. The control blocks for each channel are 
located in the special function register area and thus do 
not overlap the internal RAM register banks. 


DMA mode registers are provided for each DMA channel. 
These registers, shown in figure 26, specify the transmis- 
sion mode, byte/word data size, and the enable state of 
each DMA channel. 


Figure 26. DMA Mode Registers (DMAM) 


| MD2 | MDs | MDy | w jepmaltomal o | 0 
7 0 


MD2-MDp Transfer Mode 
000 Single-step (memory to memory) 
001 Demand release (I/O to memory) 
010 Demand release (memory to 1/0) 
011 Reserved 
100 Burst (memory to memory) 
101 Single-transfer (/O to memory) 
110 Single-transfer (memory to I/O) 
111 Reserved 

Ww Transfer Method 
0 Byte transfer 
1 Word transfer 

EDMA TDMA Transfer Condition 
0 0 Disabled 
1 0 Maintain condition 
1 1 Start DMA transfer 


The »PD70325 performs two consecutive 8-bit transfers 
to accomplish word data transfers with the lower ad- 
dressed byte transferred first. Upon reaching terminal 
count, the DMA channel is automatically disabled by the 
EDMA bit of the mode register A DMA request to a 
disabled channel is ignored. The DMA transfer bit 
(TDMA) has meaning only in the single-step and burst 
modes and allows software to initiate the DMA opera- 
tion. This software request is valid only when the channel 
is enabled. The TDMA bit is write only and is always read 
as a0. 
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The DMA address control registers (figure 27) specify the 
method of address pointer update. Two bits specify the 
source address and two specify the destination address 
update mode. The »PD70325 adjusts the address point- 
ers by 1 for byte transfers and by 2 for word transfers. 


Figure 27. DMA Address Control Registers 


(DMAC) | 
7 0 

PD -PDo Destination Address Offset 

00 No modification 

01 Increment 

10 Decrement 

11 No modification 
PS,-PSp Source Address Offset 

00 No modification 

01 Increment 

10 Decrement 

11 No modification 


Figure 28 shows the address pointer registers that spec- 
ify the source and destination of the DMA transfer. Unlike 
the standard V25, the address registers are linear. This 
allows the 20-bit address to be completely specified in 
three byte-wide registers. The SARnL and DARnL regis- 
ters contain the low 8 bits of the address; SARnM and 
DARnM contain the middle 8 bits; and SARnH and 
DARnH contain the high 4 bits of the address in the low 
nibble (the high nibble is set to 0). 


All of these registers may be read or written with either 8- 
or 16-bit transfers and are updated as specified in the 
DMAC registers. 


Figure 28. DMA Address Registers 


23 20 19 16 15 87 0 


SARnH SARnM SARnL 
DARnH DARnM DARnL 


[+—— Applied addresses (20 bits) ———] 


n=0,1 
83YL-6715A 





The terminal count registers (TCnH and TCnL) are dual 
8-bit registers that hold the current number of transfers 
remaining in the DMA block. These registers are read/ 
write in 8- or 16-bit operations. They must be initially 
programmed to the desired number of transfers minus 
one. This is because the terminal count interrupt is 
generated by a borrow out of these registers; this borrow 
is generated by the decrement performed after each 
DMA transfer. 


DMA Timing 


DMA operation on the 4PD70325 is considerably faster 
than on the standard V25. This speedup is realized by 
converting the DMA operation from a microcoded pro- 
cess to a hardwired one. As a result, the DMA latency 
times on the standard V25 do not occur on the 
»PD70325. However, bus controller latency is still 
present as is the nominal transfer time: 1 bus cycle for 
1/O-to-memory transfers and 2 bus cycles for memory- 
to-memory transfers. 


Programmable wait state control is active for DMA 
operations with the programmed number of states 
added to both source and destination addresses even if 
these numbers are different. Memory-to-I/O transfers 
insert the number of wait states required by either the I/O 
device or the memory location (whichever is slower). 
I/O-to-memory transfers insert the memory wait states 
for the memory write cycle. 


Figures 29 to 32 are examples of cycles for DMA opera- 
tions. Figure 33 is a block diagram of the ».PD70325 DMA 
controller and its internal registers. 
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Figure 29. DMA Single-Step Mode Timing 





(Memory: No Wait, TC = 1) 
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Figure 30. DMA Burst Mode Timing 








oA LE 
i\eendl 


si 4\Sssneeeeee 


Instruction Execution ——t»|<————— DMA Transfer DMA Transfer ~#t—— Instruction Execution 


TCn 


Burst mode with no-wait for transfer source memory bank and 
insertion of one wait state for transfer destination when DMA its 


started by DMARQ signal when TC=1. sash eiseB 
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Figure 31. DMA Single-Transfer Mode Timing Figure 32. 





DMA Demand Release Timing 


T2 #71 
CLKOUT 


DMARQn 
DMARQn 


DMAAKn 


DMAAKn 


(Memory-to-/O: No Wait ) instruction DMA Transfer DMA Transfer Exec 
83SL-6479A Execution 


$$$ — pl 


(Memory I/O, 1/O: Wait, Memory: No Wait) 





83SL-6481A 


28 


NEC 


pPD70325 (V25 Plus) 





Figure 33. DIMA Unit Block Diagram 
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Address Bus 


DMA Service 
Channel 


Temporary 
Address 
Register (20) 


Increment’ 
Decrement 


Address 


Register 


SAR_ Source Address 
DAR _ Destination Address 
TC Terminal Count 


Count 
Decrement 


Terminal Count 


DMARQO 
DMA DMARKO 
Control Logic Too 
Mode Prority 
Timing 
DMARQ1 
DMAAK1 
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MREQ 
MSTB 
Rw 

iOSTB 


Bus Control 
Logic 


Temporary 
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PARALLEL I/O PORTS 


The ».PD70325 has three 8-bit parallel |/O ports: PO, P1, 
and P2. Associated registers are shown in figures 34, 35, 
and 36. Special-function register (SFR) locations can 
access these ports as memory. The port lines are indi- 
vidually programmable as inputs or outputs. Many of the 
port lines have dual functions as port or control lines. 


Use the associated port mode control (PMC) and port 
mode (PM) registers to select the function for a given I/O 
line. 


Figure 34. Port 0 Registers (PMCO, PMO) 








7 PMCO Register 0 
|_PMOr | PMO | PMos | PMO, | PMOs | PMO2 | PMO: | PMOp | 
7 PMO Register 0 

PMCO, = 0 

Port Pin PMC07 = 1 PMO, = 1 PMO, = 

PO7 CLKOUT Input port Output port 
POg _ Input port Output port 
POs - Input port Output port 
PO, _ Input port Output port 
P03 - Input port Output port 
POo - Input port Output port 
PO; - Input port Output port 
POo ~ input port Output port 


Figure 35. Port 1 Registers (PMC1, PM1) 


[rucir|PwcielPucrelucis|Pucie] 0 [0 | 0 | 
7 











PMCi Register 0 
[| Paty | PMig | PMis | PMig] 1 | 4 | 4 | 1 | 
7 PM1 Register 0 
PMC1,, = 0 
Port Pin PMC17 = 1 PM1, = 1 PM1,, = 0 
Ply READY input Input port Output port 
Pig SCKO output Input port Output port 
Pis TOUT output Input port Output port 
Pig INT input - POLT input Output port 
P1g INTAK output INTP2 input _ 
P1o —_ INTP1 input s 
Pty _- INTPO input _ 
Plo - NMI input ~_ 


N 
© 
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Figure 36. ° Port2 Registers (PMC2, PM2) 


PMC2 Se 


a ro 














PM2 Register 
. PMC2, = 
Port Pin PMC2, = 1 PM2, =.1 PM2, = 0 
P27 HLDRQ input Input port Output port 
P2g FALDAK output Input port Output port 
P25 TCT output . Input port Output port 
P24 DMAAKi output Input port Output port 
P23 - _DMARQ1 input Input port Output port 
P25 TCO output Input port Output port 
P2;, DMAAKO output Input port Output port 
P25 DMARQO Input Input port Output port 


The analog comparator port (PT) compares each input 
line to a reference voltage. The reference voltage can be 
programmed to the Vr} input x n/16, where n = 1 to 16. 
See figure 37. 


Figure 37. Port T Mode Register (PMT) 


| 2 jo fo | oO | Pits | Pete | PMTs | PATO 
7 ie) 


Comparator Reference 





Voltage (Vrer) _PMTgz— PMTz, PMT, ~— PMT 
_ Vr x 16/16 0 0 0 0 
16 0 0 0 1 
2/16 0 0 1 0 
3/16 0 0 1 1 
4/16 0 1 0 0 
5/16 0 1 0 i: 
6/16 0 1 1 0 
7/16 0 1 1 1 
8/16 1 0 0 0 
9/16 1 0 0 1 
10/16 1 0 1 0 
11/16 1 0 1 1 
12/16 1 1 0 ) 
13/16 1 1 0 1 
14/16 1 1 1 0 
15/16 1 1 1 1 


a 


0 


PROGRAMMABLE WAIT STATES 


You can generate wait states internally to further reduce 
the necessity for external hardware. Insertion of these 
wait states allows direct interface to devices whose 
access times cannot meet the CPU ‘read/write timing 
requirements. ; 


When using this function, the entire 1 megabyte of 
memory address space is divided into 128K blocks. Each 
block can be programmed for zero, one, or two wait 
states, or two plus those added by the external READY 
signal. The top two blocks are programmed together as 
one unit. 


The appropriate bits in the wait control word (WTC) 
control wait-state generation. Programming the upper 
two bits in the wait control word sets the wait-state 
conditions for the entire 1/O address space. Figure 38 
shows the memory map for programmable wait-state 
generation. 


Figure 39 diagrams the wait control word. Note that 
READY pin control is enabled only when two internally 


generated wait states are selected by the “11” option. 


Figure 38. Programmable Wait State Generation 


FFFFFH 


CO0000H 


40000H 


ow Le 


20000H 
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Figure 39. Wait Control Word (WTC) 


Block | Block | Block gi Block | Block 
61 60 51 41 40 


Wait Control, High 


Block | Block Block | Block | Block | Block } Block 
31 30 20 11 10 01 00 


Wait Control, Low 





Wait States Block n1 Block nO 
0 0 0 
1 0 1 
2 1 0 
2 or more (control from READYpin) 1 1 
n = Othrué 
STANDBY MODES 


The two low-power standby modes are HALT and STOP. 
Both modes are entered under software control. 


HALT Mode 


In HALT mode, the CPU is inactive and thus the chip 
consumes much less power than when fuily operational. 
The external oscillator remains functional and all inter- 
nal peripherals are active. Internal status and output 
port line conditions are maintained. Any unmasked in- 
terrupt can release this mode. In the El state, interrupts 
are processed subsequently in vector mode. In the DI 
state, program execution is restarted with the instruc- 
tion following the HALT instruction. 


STOP Mode 


The STOP mode allows the largest power reduction 
while maintaining internal RAM. The oscillator is 
stopped, halting the CPU as well as all internal periph- 
erals. Internal status is maintained. Only a reset or NMI 
can release this mode. 
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A standby flag in the SFR area is reset by rises in the 
supply voltage. Its status is maintained during normal 
operation and standby. The STBC register (figure 40) is 
not initialized by RESET. Use the standby flag to deter- 
mine whether program execution is returning from 
standby or from a cold start by setting this flag before 
entering STOP mode. 





Figure 40. Standby Register (S TBC) 
Peewee eee ESE 
Address xxFEOH 

SBF Standby Flag 
No changes in Vpp (standby) 
1 Rising edge on Vpp (cold start) 


SPECIAL-FUNCTION REGISTERS 


Table 5 lists the special-function registers . The 8 high- 
order bits of each register address (denoted by. xx in 
table 5) is specified by the IDB register. This allows the 
special function register bank to be dynamically relo- 
cated in memory. 


SFR addresses not listed in table 5 are reserved. If read, 
the contents of these addresses are undefined and any 
write operation is meaningless. 


The Read/Write column in table 5 shows the legal data 
movement operations used to address these registers. 
Data size can be specified as: bit (1), byte (8), and/or 
word (16). 
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Table 5. Special-Function Registers 











Address" Register Name Label Read/Write Reset Condition 
xxFOOH Port 0 data PO R/W 8/1 Undefined 
xxFO1H Port 0 mode PMO ws OFFH 
xxF02H Port 0 control PMCO W8 OOH 
xxF08H Port 1 data P41 R/W 8/1 Undefined 
xxFOSH Port 1 mode PM1 W8 OFFH 
xxFOAH Port 1 control PMC1 Ws 00H 

xxF 10H Port 2 data P2 RW 8/1 Undefined 
xxF 11H Port 2 mode PM2 W 8 OFFH 

xxF 12H Port 2 control PMG2 W8 00H 

xxF 38H Threshold port data PT R8 Undefined 
xxF 3BH Threshold port mode PMT R/W 8/1 00H 

xxF 40H External interrupt mode INTM R/W 8/1 00H 

xxF 44H External interrupt macroservice control channel 0 (Note 4) EMSO R/W 8/1 Undefined 
xxF 45H External interrupt macroservice control channel 1 (Note 4) EMS1 R/W 8/1 Undefined 
xxF 46H External interrupt macroservice control channel 2 (Note 4) EMS2 R/W 8/1 Undefined 
xxF 4CH External interrupt request control 0 (Note 4) EXxICo R/W 8/1 47H 

xxF 4DH External interrupt request control 1 (Note 4) EXIC1 R/W 8/1 47H 

xxF 4EH External interrupt request control 2 (Note 4). ExlG2 R/W 8/1 47H 

»xF 60H Serial receive buffer channel 0 RxBO R& Undefined 
xXxF 62H Serial transmit buffer channel 0 TxBO W8 Undefined 
XxF 65H Serial receive macroservice register 0 (Note 4) SRMSO RW 8/1 Undefined 
xxF 66H Serial transmit macroservice register O (Note 4) STMSO R/W 8/1 Undefined 
xxF 68H Serial mode register 0 SCMO R/W 8/1 00H 

xxF 69H Serial control register 0 Scco R/W 8/1 00H 

xxF 6AH Baud rate generator 0 BRGO R/W 8/1 OOH 

xxF 6BH Serial status register 0 scso R8 60H 
xXF6CH Serial error interrupt request register 0 (Note 4) SEICO R/W 8/1 47H 

xxF 6DH Serial receive interrupt request register 0 (Note 4) . SRICO R/W 8/1 47H 

xF 6EH Serial transmit interrupt request register 0 (Note 4) STICO R/W 8/1 47H 
xxF70H Serial receive buffer 1 RxB1 R8 Undefined 
xXF72H Serial transmit buffer 1 TxB1 Ws Undefined 
xXxF75H Serial receive macroservice register 1 (Note 4) SRMS1 RW 8/1 Undefined 
xxF76H Serial transmit macroservice register 1 (Note 4) STMS1 R/W 8/1 Undefined 
xxF78H Serial mode register 1 SCM1 R/W 8/1 00H 
xxF79H Serial control register 1 $CcCi RAW 8/1 OOH 
xxF7AH Baud rate generator channel 1 BRG1 RW 8/1 OOH 
»xF7BH Serial status register 1 Scsi R8 60H 
xxXF7CH Serial error interrupt request register 1 (Note 4) SEIC1 R/W 8/1 47H 
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Table 5. Special-Function Registers (cont) 











Address Register Name Label Read/Write Reset Condition 
xxF7DH Serial receive interrupt request register 1 (Note 4) SRIC1 . RWS! 47H 
xxF7EH Serial transmit interrupt request register 1 (Note 4) STIC1 RWW 8/1 47H 
xxF80H Timer register 0 (Note 5) TMO RW 16 Undefined 
xxF82H Timer 0 modulo register (Note 5) MDO R/W 16 Undefined 
xxF88H Timer register 1 (Note 5) ™1 RW 16 Undefined 
xxF8AH Timer 1 modulo register (Note 5) MD1 RW 16 Undefined 
xxF90H Timer 0 contro! register (Note 5) TMCO RW 8/1 00H 
xxF91H Timer 1 control register (Note 5) TMC1 RW 8/1 OOH 
XxF94H Timer unit 0 macroservice register (Note 4) TMMSO RWW 8/1 Undefined 
xxF95H Timer unit 1 macroservice register (Note 4) TMMS1 RW 8/1 Undefined 
xxF96H Timer unit 2 macroservice register (Note 4) TMMS 2 RW 8/1 Undefined 
xxF9CH Timer unit 0 interrupt request register (Note 4) TMICO RW 8/1. 47H 
xxF9DH Timer unit 1 interrupt request register (Note 4) TMIC1 RW 8/1 47H 
XxxFQEH Timer unit 2 interrupt request register (Note 4) TMIC2 RW 8/1 47H 
xxFAQH DMA address update control register 0 DMACO RW 8/1 Undefined 
xxFA1H DMA mode register 0 DMAMO RW 8/1 47H 
xxFA2H DMA address update control register 1 DMAC1 RW 8/1 Undefined 
xxFA3H DMA mode register 1 DMAM1 RW 8/1 -. OOH 
xxFACH DMA interrupt request control register 0 (Note 4) DICO RW 8/1 47H 
xxFADH DMA interrupt request control register 1 (Note 4) DIC1 RW 8/1 47H 
xxFCOH DMA channel 0 source address pointer low SAROL RW 16/8 Undefined 
xxFC1H DMA channel 0 source address pointer mid SAROM RW 16/8 Undefined 
xxFC2H DMA channel 0 source address pointer high SAROH RW 8 Undefined 
xxFC4H DMA channel 0 destination address pointer low DAROL R/W 16/8 Undefined 
xxFC5H DMA channel 0 destination address pointer mid DAROM RW 16/8 Undefined 
xxFC6H DMA channel 0 destination address pointer high DAROH R/W 8 Undefined 
xxFC8H DMA channel 0 count register TCO RW 16/8 Undefined 
xxFDOH DMA channel 1 source address pointer low SAR1L RW 16/8 Undefined 
xxFD1H DMA channel 1 source address pointer mid SAR1M R/W 16/8 Undefined 
xxFD 2H DMA channel 1 source address pointer high SAR1H RW 8 Undefined 
xxFD4H DMA channel 1 destination address pointer low DARIL RW 16/8 Undefined 
xxFD5H DMA channel 1 destination address pointer mid DAR1M RW 16/8 Undefined 
xxFD6H DMA channel 1 destination address pointer high DAR1H RW 8 Undefined 
xxFD8H DMA channel 1 terminal count register TC1 RW 16/8 Undefined 
xxFEQH Standby control register (Notes 1, 2) STBC R/W 8/1 Undefined 
xxFE 1H Refresh mode register RFM RW 8/1 OFCH 
xxFE 8H Wait state control register WTC RW 16/8 OFFFFH 
xxFEAH User flag register (Note 3) FLAG RW 8/1 00H 
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Table 5. Special-Function Registers (cont) 














Address Register Name Label Read/Write Reset Condition 
XxFEBH Processor control register PRG R/W 8/1 4EH 

XxFECH Time base interrupt request control register (Note 4) TBIC RW 8/1 - 47H 

xxFE FH Interrupt factor register (Note 4) IRQS “R8 Undefined 

xxF FCH Interrupt priority contro! register (Note 4) ISPR R8 . 00H 

XxxF F FH Internal data area base address register (Note 4) IDB R/W 8/1 OFFH 

Notes: 


(1) Standby control register can be set by instruction but not 
cleared. 


(2) At power-on reset: OOH. Otherwise not changed. 


(8) Bit operations on FLAG register bits other than 3 and 5 have no 
meaning. 


ELECTRICAL SPECIFICATIONS 
Absolute Maximum Ratings 
Ta = 25°C 
Supply voltage, Vpp -0.5 to +7.0V 
-0.5 to Vpp + 0.5 = +7.0V 
-0.5 to Vpp +0.5 = +7.0V 
-0.5 to Vpp + 0.5 Ss +7.0V 
Each output pin 4.0 mA (Total 50 mA) 
Output current high, Io} Each output pin -2.0 mA (Total -20 mA) 
-10 to +70°C 
~65 to + 150°C 


Input voltage, V 
Output voltage, Vo 
Threshold voltage, V4 
Output current low, lo. 


Operating temperature range, Topt 
Storage temperature range, Tstq 
Exposure to Absolute Maximum Ratings for extended periods may 


affect device reliability; exceeding the ratings could cause permanent 
damage. 


(4) One wait state is inserted in accesses to these registers. 


(5) A maximum of six wait states are added into accesses to these 
registers. 


Comparator Characteristics 
Ta = -10 to +70°C; Vpp = +5.0 V + 10% 





Parameter Symbol: Min. Max Unit 
Accuracy VAcompP - +100 mV 
Threshold voltage VTH 0 Vpp +0.1 Vv 
Comparison time tcomp . 64 65 tcvK 
PT input voltage Viet 0 Vpp V 
Capacitance 

Ta = 25°C; Vop = OV 

Parameter Symbol Max Unit Conditions 

input capacitance _C 10 pF fe = 1 MHz; 
Output capacitance Co 20 pF nie se shes sete d 


\/O capacitance Cio 20 pF 
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DC Characteristics; 1.PD70325-8 
Ta =-10 to +70°C; Vpp = +5.0 V +10% 


Parameter Symbol Min Typ Max Unit Conditions 











Input voltage, low Vit 0 0.8 Vv 
Input voltage, high Viet 2.2 Vpp Vv All except RESET, P1q/NMI, X1, X2 
Vine 0.8 Vpp Vop V RESET, P1o/NMI, X1, X2 
Output voltage, low VoL 0.45 Vv lo. = 1.6 mA 
Output voltage, high VoH — Vpp- 1.0 Vv lon = -0.4 mA 
Input current . lin +20 BA EA, Ptg/NMI; 0< Vin = Vpp 
Input leakage current in +10 BA All except EA, P1o/NMI; 0 s Vij = Vpp 
Output leakage current lLo +10 BA 0 s Vo <= Vpp 
VrH supply current HH 05 1.0 mA 0s Vr = Vpp 
Vpp supply current — Ipp1 65 120 mA Operation mode 
-Ipp2 25 50 mA HALT mode — 
Ipp3 10 30 uA STOP mode 
External System Clock Control Source Recommended Oscillator Components 
Ceramic Resonator (Note 1) Capacitors 
inteeiel Oscilator Manufacturer Product No. Ci (pF) C2 (pF) 
Kyocera ====SOKBRIOQQM—=—~—“=i‘~SCéSS*“‘C‘éRSC*W 
Murata Mfg. CSA.10.0MT 47 47 
~CSAI6OMX040,2=©=—COSsSs—=<CS 
TDK FCR10.M2S 380 30 
FCR16.0M2S 18 6 
Crystal (Note 2) Capacitors 
Note: A : . gab ality sen hate a Manufacturer Product No. C1 (pF) C2 (pF) 
Kinseki HC-49/U 15 «8B 


HC-43/U 15 15 


External Clock 


Notes: 


(1) Ceramic resonator product no. includes the frequency: 10.0 or 
16.0 MHz. : 


(2) Crystal frequencies: 10, 16, 20 MHz. 
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AC Characteristics; pPD70325-8 
Ta = -10 to +70°; Vop = +5.0V +10%; C, = 100 pF max; T = toy; n = number of wait states inserted 























Parameter Symbol -. Min Max Unit Conditions 
Input rise, fall times tin, tie 20 ns Except X1, X2, RESET, NMI 
input rise, fall times (Schmitt) tins) ties 30 ns RESET, NMI 
Output rise, fall times torn: tor 20 ns Except CLKOUT 
X, cycle time ‘tox 62 250 ns 

X width, low twxi 20 ns 

X width, high twxH 20 ns 

X, rise, fall times . txp, tx 20 ns 

CLKOUT cycle time tovk 125 2000 ns CLKOUT = {,/2 
CLKOUT width, low tWKL 0.5T - 15 ns 

CLKOUT width, high as twKH O.5T - 15 ns 

CLKOUT rise, fall times tkn ter 15 ns 

Address delay time toKa 15 - 90 ns 

Address valid to input data valid tpApR (n+1.5)T-70 ns 

MREQ to data delay time tomap (n+1)T-60 ns 

MSTE to data delay time tpmsp (n+0.5)T-60 ns 

MREQ to TC delay time tomato 0.5T + 50 ns 

MREG to MSTB delay time tomMAMS O.5T - 35 0.5T + 35 ns 

MREQ width, low . twmrAL (n+1)T- 30 ns 

Address hold time tHKA 0.5T - 30 ns 

Input data hold time tHKDR } ns 

Next control setup time tscc T-25 ns 

TC width, low twrcL (n+2)T - 30 ns 

Address data output tpapw 0.5T + 50 ns 

MREQ delay time - toaMR 0.5T - 30 ns 

MSTB delay time - tpams T-30 ns 

MSTB width, low twas. —s (n+. 0.5) T - 30 ns 

Data output setup time tsom (n+1)T - 50 ns 

Data output hold time tuampw 0.5T — 30 ns 

TOSTB delay time toais 0.5T - 30 ns 

IOSTB to data input tpisp (n+1)T-60 ns 

TOSTB width, low twist (n+1)T - 30 ns 

Address hold time tHISA 0.5T — 30 “ons 

Data Input hold time tuispr 0 ns 

Output data setup time tspis (n+1)T - 50 ns 

Output data hold time tHispw 0.5T - 30 ns 

Next DMARQ setup time tspaDa T-50 ns Demand mode 
DMARQ hold time tHDARQ fe) ns Demand mode 
DBMAAK read width, low twomaL (n+1.5)T- 30 ns 

DMAAK to TC delay time tppatc 0.5T + 50 ns 

DMAAK write width, low twomwL = (n+1)T- 30 ns 
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AC Characteristics; »PD70325-8 (cont) 
































Parameter Symbol Min Max Unit Conditions 
REFRO delay time tp ARF 0.5T - 30 ns 

REFRQ width, low twRFL (n+1)T - 30 ns 

Address hold time tHRFA 0.5T - 30 ns 

RESET width, low twrsL1 30 ms Crystal osc; STOP/Power-On RESET 
RESET width, low twasL2 5 ns System reset 
MREQ, IOSTB to READY setup time tscry (n-1)T-100 ns n22 
MREQ, IOSTB to READY hold time tHCRY (n-1)T ns n22 
HODAK output delay time “tDKHA 15 80 ns 

BUS control float to HLDAK | tCFHA T-50 ns 

FLDAK f to control output time toHAc T-50 ns 

HLDRQ J to contro! output time tpHac 3T + 30 ns 

FALDAK width, low twHAL T ns 

HLDRQ setup time tsHoK 30 ns 

HLDRQ to HLDAK delay time tpHQHA 3T +160 ns 

HLDRQ width, low twHaL 1.5T ns 

INTP, DMARQ setup time tsiax 30 ns 

INTP, DMARQ width, high twion 8T ns 

INTP, DMARQ width, low twiot 8T ns 

POLL setup time tsp 30 ns 

NMI width, high twNnlH 5 BS 

NMI width, low twniL 5 BS 

CTS width, low tweorL aT ns 

INT setup time tsink 30 ns 

INT hold time tHIAIQ 0 ns 

INTAK width, low twiAL 2T - 30 ns 

INTAK delay time toKia 15 80 ns 

INTAK width, high twiaH T-30 ns 

INTAK to data delay time toraD 2T - 130 ns 

INTAK to data hold time tHiaD 0 0.5T ns 

SCKO cycle time toyrk 1000 ns 

SCKO (TSCK) width, high twsTH 450 ns 

SCKO (TSCK) width, low twSTL 450 ns 

TxD delay time toTKD 210 ns 

TxD hold time tyTKD 20 ns 

CTSO (RSCK) cycle time toyrK 1000 ns 

CTSO (RSCK) width, high twsrRH 420 ns 

CTSO (RSCK) width, low twsrAL 420 ns 

RxD setup time tsrpK 80 ns 

RxD hold time tHKrD 80 ns 
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STOP Mode Data Retention Characteristics 
Ta = -10 to +70°C 


Parameter Symbol Min Max Unit 
Data retention voltage Vpppr 2.4 5.5 Vv 
Vpp rise time tavp "200 BS 
Vpp falltime . teva =—s—(wsiéi 20 us 


Timing Waveforms 





Stop Mode Data Retention Timing AC Input 2 (RESET, NMI) 


10% VDDDR 


tRVD 





83-004333A 83-004306A 


AC Input 1 (Except X1, X2, RESET , NMI) AC Output (Except CLKOUT) © 


83-004305A 83-004307A 





Clock In and Clock Out 


CLKIN1 
[X1] 


CLKOUT 





83-004308B 


38 








pPD70325 (V25 Plus) 





Memory Read 
}—____—_ B1 ———————_+|—____—_ B2 ———_———_ 
tevK ——_—_—_> 
CLKOUT 
(DKA — 


tHMA 
tpaDR-—_—____> 


D7-Do (| 
tpMRD———> 


hh 


R/W 


tWMRL tscc ————> 


MREQ 


a 


tpmsbD 
tpMRMS—>| 





MSTB 


tpamMs————> tWMSL 


a 


1OSTB 


REFRO 
DMAAKi- 
DMAAKO 
tpMRTC 
TC1-TCO 


twTcL 


83-004309C 


39 





pPD70325 (V25 Plus) 





Memory Write 
| p1——_—__ #2 _____ 
tcyK ——_—___> 
CLKOUT 
tDKA >| 
tpaDw hes 
tsom —————+ tHMDW be 
R/W 
IY 
tpAMR tWMRL <«—__—_—_- tscc —_—__» 
os aa 
Pd 
MSTB , 
tpAMS ————_> tWMSL 
_ Ee 
_ ae 
DMAAK1- 
DMAAKO 
toMRTC 
TC1-TCO 


tWTCL 


83-004310C 
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VO Read 





CLKOUT 


tpals —> twisL 





83-004311C 
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V/O Write 





CLKOUT 


{DKA 


be eed 
t 
oe [+ wasa 


tpais—> tWISL a tscc ———+ 


pe 
_ _ 


83-004312C 
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DMA, I/O to Memory 






CLKOUT 


R/W 


i? 























4a 
+— tDAMR tWMRL tHMa—+| 
MREQ 
| tscc 
- ae 
iOSTB 
tsDADQ 
DMARQo- 
DMARQ1 
tHDADQ 
é y 
DMAAK1- 
DMAAKO 
tWDMRL 
TC1-TCO 





to DATC tWTCL 
83-004313C 
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DMA, Memory to I/O 


CLKOUT 


tsDADQ 


DMARQO 
DMARQ1- 


tHDADQ 


DMAAK1- 
DMAAKO 


twOMWL 


tDDATC 





83-004314C 
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Refresh 





CLKOUT 


83-004315C 





twRSL1 














83-004316B | 
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RESET 2 


tWRSL2 


83-004317B 





83-004318B 


* tscry (READY setup time] and tycry [READY hold time] are a tunction of 
T and n. Timings shown are examples for n = 2 and n = 3. 


83-004319B 
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HLDRQ/HLDAK 1 


CLKOUT 


a 
Bus control *.- 
aera, 


—_——______ 
HLDAK 


* A19-Ao, D7-Do, MREQ, MSTB, iOSTB, R/W 


83-004320B 








HLDRQ/HLDAK 2 


CLKOUT © ie oan 


as ee eee ee 









HLDRQ 





Bus control * 








tDKHA 
a 
HLDAK 
“a19-Ao, D7-Do, MREQ, MSTB, !OSTB, R/W 
83-004321B 
INTP, DMARQ Input 


CLKOUT 


*INTP2-INTPO, DMARQ1-DMARQO 





83-004322B 
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POLL Input 





CLKOUT 


tsPLK tSPLK 





83-004323B 


NMI Input 


eae Lt Val eS FT eT OT AF 


twNiH 





83-004324B 


_ CTS Input 


ata FT Ft AF eT FS eT 


CTS1-CTSO 
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INTRANTAK 








CLKOUT 


tDOKIA tHIAIQ 


tscc 





4 DOAN 











Serial Transmit 


CLKOUT 


83-004441B 





Serial Receive 


eae Nee Se FT NS eS BTS eed 


tcyRK 


tWSRL tWSRH 


a | ane 


tsRDK tHKRD 


83-004332B 
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INSTRUCTION SET 


Instructions, grouped according to function, are de- 
scribed in a table near the end of this data sheet. 
Descriptions include source code, operation, opcode, 
number of bytes, and flag status. Supplementary infor- 
mation applicable to the instruction set is contained in 
the following tables. 


@ Symbols and Abbreviations 

e@ Flag Symbols 

e 8-and 16-Bit Registers. When mod = 11, the register 
is specified in the operation code by the byte/word 
operand (W = 0/1) and reg (000 to 111). 

Segment Registers. The segment register is specified 
in the operation code by sreg (00, 01, 10, or 11). 
Memory Addressing. The memory addressing mode is 
specified in the operation code by mod (00, 01, or 10) 
and mem (000 through 111). 


calculating the number of clock cycles occupied by 
- each type of instruction. The formulas, which depend 
on byte/word operand and RAM enable/disable, have 
variables such as EA (effective address), W {wait 
states), and n (iterations or string instructions). 





Symbols and Abbreviations 

Identifier Description 

reg 8- or 16-bit general-purpose register 
regs 8-bit general-purpose register 

regi6 16-bit general-purpose register 


dmem 8- or 16-bit direct memory location 

mem 8 or 16-bit memory location 

mems 8-bit memory location 

mem16 16-bit memory location 

mem32 32-bit memory location 

sfr 8-bit special function register location 

imm Constant (0 to FFFFH) 

immié Constant (0 to FFF FH) 

imms Constant (0 to FFH) 

imm4 Constant (0 to FH) 

imm3 Constant (0 to 7) 

acc AW or AL register 

sreg Segment register 

src-table Name of 256-byte translation table 
src-block Name of block addressed by the IX register 
dst-block Name of block addressed by the IY register 
near-proc Procedure within the current program segment 
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Instruction Clock Count. This table gives formulas for 


Identifier 
far-proc 
near-label 


short- 
label 


far-label 
memptrié 


memptr32 


regptrié 


pop-value 
fp-op 


R 

Ww 
reg 
mem 
mod 
S:wW 


X, XXX, 
YYY, ZZZ 


AW 
AH 
AL 
BP 
BW 
BH 
BL 


CH 
CL 
DW 
DH 
DL 
SP 
PC 
PSW 


Description 
Procedure located in another program segment 
Label in the current program segment 


Label between ~128 and +127 bytes from the end 
of instruction . 


Label in another program segment 


Word containing the offset of the memory location 
within the current program segment to which 
control is to be transferred 


Double word containing the offset and segment 
base address of the memory location to which 
control is to be transferred 


16-bit register containing the offset of the memory 
location within the program segment to which 
control is to be transferred 


Number of bytes of the stack to be discarded (0 to 
64K bytes, usually even addresses) 


Immediate data to identify the instruction code of 
the external floating-point operation 


Register set 

Word/byte field (0 to 1) 
Register field (000 to 111) 
Memory field (000 to 111) 
Mode field (00 to 10) 


When S:W = 01 or 11, data = 16 bits. At all other 
times, data = 8 bits. 


Data to identify the instruction code of the external 
floating-point arithmetic chip 


Accumulator (16 bits) 
Accumulator (high byte) 
Accumulator (low byte) 

Base pointer register (16 bits) 
BW register (16 bits) 

BW register (high byte) 

BW register (low byte) 

CW register (16 bits) 

CW register (high byte) 

CW register (low byte) 

DW register (16 bits) 

DW register (high byte) 

DW register (low byte) 

Stack pointer (16 bits) 
Program counter (16 bits) 
Program status word (16 bits) 
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Symbols and Abbreviations (cont) Flag Symbols 

Identifier Description identifier Description 

IX Index register (source) (16 bits) ; (blank) No change 

lY Index register (destination) (16 bits) 0 Cleared to 0 

PS Program segment register (16 bits) 1 Set to 1 

$s Stack segment register (16 bits) x Set or cleared according to the result 

DSo Data segment 0 register (16 bits) u Undefined 

DS, Data segment 1 register (16 bits) t Value saved earlier is restored 

AC Auxillary carry flag 

GY Carry flag 8- and 16-Bit Registers (mod = 11) — 

P Parity flag reg)? W=0 Wa! 
Sign flag 000 Al. AW 

Z Zero flag 001 CL CW 

DIR Direction flag 070 OL DW 

IE Interrupt enable flag on BL BW 

V Overflow flag ie eh SP 

BRK Break flag hed GH wail 

MD Mode flag - u0 on a 

(...) Values in parentheses are memory contents aM BH lV 

disp Displacement (8 or 16 bits) Segment Registers 

ext-disp8 ae Siler (sign-extension byte + 8-bit sreg Regleter 

temp Temporary register (8/16/32 bits) 90 DS 

tmpcy Temporary carry flag (1-bit) _ PS 

seg Immediate segment data (16 bits) Ls $s 

offset ’ Immediate offset data (16 bits) " DSo 

- Transfer direction Memory Addressing . 

= peaivon mem mod = 00 mod = 01 mod = 10 

z Subtraction 000. BW+IX BW+IX+disp8  BW+IX+ dispie 

x Multialioation 001 BWY BWI + dope BW+IV + alepte 

*. Division O10 BP+K BP +IX+ dips BP ++ dlopto 

a Modula on BP+IY BP +IV+ dips BP +I + dlepte 

AND Logical product 70 4K  £+disp8  . X+dispie 

of Eegioaleum 101 Y Y + disps IY + dispi6 

XOR "Exclusive logical sum 110. +~+Direct. =  ‘BP+disp8 | BP+dispic 

XXH © Two-digit hexadecimal! value 1 ~»©5)6BW.St*té<i=S*éié i isp”~*~*~*C~W lisp 

XXXXH Four-digit hexadecimal value 
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Instruction Clock Counts 


Mnemonic Operand 


ADD reg8, reg8 
regi6, regi6 


reg8, mems 
regi6, mem1é6 


mems, reg8 
regi6, mem16 


reg8, imms 
reg16, imms 
memi6, imm16 


mems,imms 
mem16, imms 
memi6, Imm16 


AL, imms 
AW, immi6 


ADD4S _— 
ADDC 
ADJ4A 
ADJ4S 
ADJBA 
ADJBS 


AND reg8, reg8 
regi6, reg16 
reg8, mems 
regi6, mem16 


memés, reg8 
memi6, regié 


Same as ADD 


reg8, imms 
regi6, imm16 


mems, imms 
memié, immié 


Beond (conditional branch) 
BCWZ 


BR near-label 
short-label 
regptr16 
memptr16 
far-label 
memptr32 

BRK 3 
imms 

BRKCS 

BRKV 

BTCLR . 

BUSLOCK 


52 


Clocks 


2 
2 


EA+6+W 
EA+8+2W 


EA+8+2W [EA+6+W] 
EA+12+4W [EA+8+2W] 


5 
5 
6 


EA+9+2W [EA+7 +2W] 
EA+9+2W [EA+7 +2W] 
EA+14+4W [EA+10+4W] 


5 
6 


22+ (27+3W)n (22+ (25+3W)n] 


17 
17 


2 
2 


EA+6+W 
EA+8+2W 


EA+8+2W [EA+6+W] 
EA+12+4W [EA+8+2W] 


5 
6 


EA+9+2W [EA+7+2W] 
EA+14+4W [EA+10+4W] 


8 or 15 
8 or 15 


12 
12 


13 
EA+17+2W 


15 
EA+25+4W 


55+10W [43+ 10W] 
56+ 10W [44+ 10W] 


15 

55+ 10W [43+ 10W] 
29 

2 





Mnemonic Operand Clocks. 

CALL near-proc 22+2W [18+2W] 
regptrié 22+2W [18+2W] 
memptrié EA+26+4W [EA+24+4W] 
far-proc. S6+4W [34+4W] . 
memptrs2 EA+36+8W [EA+24+8W] 

CHKIND EA+26+4W 

CLRI1 CY 2 
DIR 2 
regs, CL 8 
regi6, CL 8 
memé, CL EA+14+2W [EA+12+W] 
mem16, CL EA+18+4W [EA+14+2W] 
regs, imm3 7 
regi6, imm4 7 
memé, imm3 EA+11+2W [EA+9+W} 
mem16, imm4 EA+15+4W [EA+10+2W} 

CMP reg8, reg8 2 
regi6, regié 2 
reg8, mems EA+6+W 
regi6, mem16 EA+8+2W 
memé, reg8. EA+6+W 
mem16, regié6 EA+8+2W 
reg, Imms 5 
regi6, Imms 5 
reg 16, Imm16 6 
mem8, imms EA+7+W 
mem16, imms EA+10+2W 
memi6, immié EA+ 10+2W 
AL, imms 5 
AW, imm16 6 

CMP4S 22+ (23+2W)n 

CMPBK mems, mems 23+2W [19+2W] 
memi16,memi6é 27+4W [21+2W) 

CMPBKB 16+(21+2W)n 

CMPBKW 16+ (25+4W)n 

CMPM mems 17+W 
mem16 19+2W 

CMPMB 16+ (15+W)n 

CMPMW 16+ (17+2W)n 

CVTBD 19 

CVTBW 3 

CVTDB 20 

CVTWL 8 
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instruction Clock Counts (cont) 





Mnemonic 
DBNZ 
DBNZE 
DBNZNE 
DEC 


NC 


NM 


LDMB 
LDMW 


Operand 


reg8 
regié 


mems 
memi6 


AW, reg8 
AW, mems 


DW:AW, reg16 
DW; AW, 
mem16 


AW, reg8 
AW, mems 


DW.AW, regi6 
DW: AW, mem16 


reg8, reg8 
reg8, imm4 


AL, imm8s 
AW, imm8s 


AL, DW 
AW, DW 


reg8 
regi6é 


mems 
memi6 


mems, DW 
mem16, DW 


mems, DW 
mem16, DW 


reg8, reg8 
reg8, imm4 


mems 
memi6 


memi16 
mems 








Clocks Mnemonic Operand Clocks 
8 or 17 MOV reg8, reg8 2 
8 or 17 regi, regié6 2 
Bor 17 reg8, mems EA+6+W 
regi6, mem16 EA+8+2W 
mem8, reg8 EA+4+W [EA+2] 
memi16, reg16 EA+6+2W [EA+2] 
EA+11+2W [EA+9+2W] 
reg8, imms 5 
EA+15+4W [EA+11+4W] regié, immi6 6 
2 mem8, imms EA+5+W 
12+2W mem16, imm16 EA+5+2W 
46-56 AL, dmems 9+W 
EA+48+W to EA+58+W AW, dmem16 1+2W 
54-64 dmems, AL — 7+W [5] 
EA+58+2W to EA+68+2W dmem16, AW 9+2W [5] 
sreg, regié6 4 
31 sreg, mem16 EA+10+2W 
Sie regi6, sreg 3 
39 memi6, sreg EA+7+2W [EA+3] 
EA+43+2W AH, PSW 2 
2 PSW, AH 3 
2 DSO, regi6, EA+19+4W 
12 memptr32 
DSi, regi6, EA+19+4W 
41-121 memptr32 e 
42-122 
MOVBK mems, mem8 20+2W [16+W] 
2 memi6é,memi6 =: 16+ (20+ 4W)n [16+ (12+ 2W)n] 
60+ 10W [48+ 10W] MOVBKB mems, mem8s 16+ (16+2W)n [16+ (12+W)n] 
60+10W [48+ 10W] MOVBKW memi16, mem16 24+4W [20+2W] 
0 MOVSPA 16 
14+W MOVSPB 11 
16+2w MUL AW AL, regs 31-40 
18+W AW, AL, mems EA+33+W to EA+42+W 
1+ ew DW:AW, AW, 30.48 
5 regié 
2 DWAW, AW, EA+43+2W to EA+52+2W 
EA+11+2W [EA+9+2W] meme 
EA+15+4W [EA+11+4W] regié, regt6, 39-49 
imms 
19+2W [17+2W] 
21+4W [17+4W] heed memi6, EA+43+2W to EA+53+2W 
18+(18+2W)n [18+ (11+2W)n] ; 
18+ (15+4W)n [18+ (11+4W)n] fed a “Ce 
63-155 reg 16, EA+44+2W to EA+54+2W 
64-156 mem16, imm16 
EA+2 MULU reg8 24 
12+W mems EA+26+W 
16+ (12+2W)n regié 32 
14+2W mem16 EA+34+2W 


16+ (10+W)n 
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Instruction Clock Counts (cont) 














Mnemonic Operand Clocks 
NEG reg8 5 
regi6 5. 
mems EA+11+2W [EA+9+W] 
memié6 EA+15+4W [EA+11+2W] 
NOP 2 3 
NOT reg8 5 
regié 5 
mems EA+11+2W [EA+9+W] 
memi6 EA+15+4W [EA+11+2W] 
NOT1 CY > 
reg8, CL 7 
reg16, CL 7 
mems, CL EA+13+2W [EA+11+W] 
memi6, CL EA+17+4W [EA+13+2W] 
reg8, imm3 6 
regi6, imm4 6 
memes, imm3 EA+10+2W [EA+8+W] 
mem16, imm4 EA+14+4W [EA+ 10+2W] 
OR reg8, reg8 2 
regi6, regi6 2 
reg8, mems EA+6+W 
regi6, mem16 EA+8+2W 
mem8, reg8 EA+8+2W [EA+6+W] 
mem16, regi6 EA+12+4W [EA+8+2W] 
reg8, imms 5 
regi6, imm16 6 
mems, imms EA+9+W [EA+7+W] 
memi6, imm16 EA+14+4W [EA+10+4W] 
AL, imms 5 
AW, imm16 6 
OUT imms, AL 10+W 
imms, AW 10+2W 
DWAL 9+W 
DW, AW 9+2W 
OUTM DW, mems 19+2W [17+2W] 
DW, mem16 21+4W [17+4W] 
DW, mem8& 18+(18+2W)n 
[18+ (11 ++2W)n] 
DW mem16 18+(15+4W)n 
; [18+ (11+4W)n] 
POLL 0° 
POP regi6 12+2W 
mem16 EA+16+4W [EA+12+2W] 
DS1 13+2W 
ss 13+2W 
DSO 1342W 
PSW 14+2W 
R " 82+16W [58] 





Mnemonic Operand Clocks 
PREPARE immi6, imm8 ——imm8 = 0:27+2W 
imm8 = 1:39+4W 
imms = n > 1:46+19 
(n—1) +4W 
PS: 2 
PUSH regi6 10+2W [6] 
mem16 EA+18+4W [EA+14+4W] 
DSt 11+2W [7] 
PS 11+2W [7] 
Ss 11+2W [7] 
DSO 11+2W [7] 
PSW 10+2W [6] 
R 82+ 16W [50] 
imms 13 +2W [9] 
imm16 14+2W [10] 
REP 2 
REPE 2 
REPZ 2 
REPC 2 
REPNC 2 
REPNE 2 
REPNZ 2 
RET null 20+2W 
pop-value 20+2W 
null 29+4W 
pop-value 30+4W 
RETI , 43+6W [35+2W] 
RETRBI 12 
ROL reg8, 1 8 
reg16, 1 8 
meme, 1 EA+14+2W [EA+12+W] 
mem16, 1 EA+18+4W [EA+14+2W] 
reg8, CL 11+2n 
regi6, CL —114+2n | 
mems, CL EA+17+2W+2n 
_[EA+15+W+2n] 
mem16, CL EA+21+4W+2n 
([EA+17+2W+2n] 
reg8, imms 9+2n — 
regi6, imms 9+2n 
meme, imms EA+13+2W+2n 
(EA+11+W-+2n] 
mem16, imms EA+17+4W+2n 
[EA+18+2W+2n] 
ROL4 reg8 17 


mems 


EA+18-+2W [EA+16+2W] 
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Mnemonic 
ROLC 
ROR 
ROR4 


RORC 
SET1 


STMB 
STMW 
STOP 


SUB4S 


SUBC 
TEST 





_Operand 


Same as ROL 
Same as ROL 


reg8 
memés 


Same as ROL 


CY 
DIR 


reg8, CL 
regi6, CL 


memés, CL 
mem16, CL 


reg8, imm3 
reg 16, imm4 


memség, imm3 
memi6, imm4 


Same as ROL 
Same as ROL 
Same as ROL 


mems 
memi6 


memés 
mem16 


Same as ADD 


Same as ADD 


reg8, reg8 
regi6, reg16 


reg8, mem8& 
regi6, mem16 


memé, reg8 
memi6, regié 
reg8, imm8 
reg16, imm16 


memé, imms 
mem16, imm16 


AL, imms 
AW, imm16 


Clocks 


21 
EA+24+2W [EA+22+2W] 


2 
2 
7 
7 


EA+13+2W [EA+11+W] 
EA+17+4W [EA+13+2W] 


6 
6 


EA+10+2W [EA+8+W] 
EA+14+4W [EA+10+2W] 


2 


12+2 [10] 
16+ (10+2W)n [16+ (6+2W)n] 


16+ (8+W)n [16+ (6+W)n] 
14+2W [10] 
0 


22+ (27+3W)n 
[22+ (25 +3W)n] 


4 
4 


EA+8+W 
EA+10+2W 


EA+8+W 
EA+10+W 


7 
8 


EA+11+W 
EA+11+2W 


5 
6 





Mnemonic Clocks 
TEST1 reg8, CL 7 
regi6, CL 7 
mems, CL EA+11+W 
mem16, CL EA+138+2W 
reg8, imm3 6 
reg 16, imm4 6 
mems, imm3 EA+8+W 
mem16, imm4 EA+10+2W 
TRANS - 10+W 
TRANSB 10+W 
TSKSW 11 
XCH reg8, reg8 3 
regi6, regi6 3 
reg8, mems EA+10+2W [EA+8+2W] 
reg16, mem16 EA+14+4W [EA+10+4W] 
mems, reg8 EA+10+2W [EA+8+2W)] 
mem16, regi6 EA+14+4W [EA+10+4W] 
AW, regié6 4 
regi6, AW 4 
XOR Same as AND 
Notes: 


pPD70325 (V25 Plus) 


Operand 


(1) If the number of clocks is not the same for RAM enabled and RAM 
disabled conditions, the RAM enabled value Is listed first, fol- 
lowed by the RAM disabled value in brackets; for example, 
EA+8+2W [EA+6+W] 


(2) Symbols in the Clocks column are defined as follows. 


EA = additional clock cycles required for calculation of the 


W 
n 


Horn 


effective address 
3 (mod 00 or 01) or 4 (mod 10) 


number of wait states selected by the WTC register 
number of iterations or string instructions 
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Execution Clock Counts for Operations 








Byte Word 
































RAM Enable RAM Disable RAM Enable RAM Disable 

Context switch interrupt (Note 1) - - 28 28 
DMA (Single-step mode) (Note 2) 4+2W 4+2Ww 8+4W 8+4W 
DMA (Demand release mode) 2+W -2+W 4+W 4+2W 
DMA (Burst mode) (4+2W)n (4+2W)n (8+4W)n (6+4W)n 
DMA (Single-transfer mode) 2+W 2+W 4+2W 4+2W 
Interrupt (INT pin) (Note 3) - - 62+10W 50+10W 
Macroservice, sfr — mem (Note 2) 23+W 21+W 27 +2W 25+2W 
Macroservice, mem <= sfr 22+W 20+W 26 +2W 24+2W 
Macroservice (Search char mode), sfr —- mem 37+W 37+W - _ 
Macroservice (Search char mode), mem <- sfr 37+W 37+W _ _ 
Priority Interrupt (Vectored) (Note 1) -_ - 58+10W 46+10W 





N = number of clocks to complete the instruction currently executing. 
Notes: 


(1) Every interrupt has an additional assoclated latency time of 27 + 
N clocks. During the 27 clocks, the interrupt controller performs 
some overhead tasks such as arbitrating priority. This time 
should be added to the above listed interrupt and macroservice 
execution times. 


The DMA and macroservice clock counts listed are the required 
number of CPU clocks for each transfer 


(8) When an external interrupt is asserted, a maximum of 6 clocks is 
required for internal synchronization before the interrupt request 
flag is set. For an internal interrupt, a maximum of 2 clocks is 


i 
XN 





required. 
Bus Controller Latency 
Clocks 
Latency Mode = Typ Max 
Hold request Refresh active 9+3W 
Intack active 10+2W 
No refresh or intack 7+2W 
DMA request Burst 3 14+2W 
iNotee 14) Single-step 3 14+2W 
Demand release 3 144+2W 
Single-transfer 4 144+2W 
Notes: 


(1) The listed DMA latency times are the maximum number of clocks 
when a DMA request is asserted until DMAAK or MREQ goes low 
in the corresponding DMA cycle. 








(2) The test conditions are: no wait states, no interrupts, no macro- 
service requests, and no hold requests. 
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Instruction Set 





Operation Code 
Mnemonic Operand Operation 7 6 5 4 3 2.1 #90 Bytes AC CY V P § Z 
Data Transfer 
MOV reg, reg reg + reg 100 0 1 1 W 2 
1 1 reg reg 
mem, reg (mem) + reg 100 0 1 Oo W 2-4 
mod reg mem 
reg, mem reg + (mem) 100 0 1 1 WwW 2-4 
mod reg mem 
mem, imm (mem) < imm 1 1 0 0 0 1 W 3-6 
mod 0 0 mem 
reg, imm reg «+ imm 101 41 WwW reg 2-3 
acc, dmem When W = 0: AL © (dmem) 10 1 0 0 0 W 3 
When W = 1: AH « (dmem + 1), 
AL + (dmem) 
dmem, acc When W = 0: (dmem) + AL 1010 0 1 $W 3 
When W = 1:(dmem + 1) © AH, 
(dmem) « AL 
sreg, regi6 sreg < regi6 sreg : SS, DSO, DS1 1 0 0 0 1 1 0 2 
1 #1 =#0 sreg reg 
sreg, mem16 sreg + (mem16) sreg : SS, DSO, DS1 1 0 0 0 1 1 0 2-4 
mod 0 sreg mem 
reg16, sreg regi6 < sreg 100 0 1 0 0 2 
1 #1 =40 sreg reg 
memi6, sreg (mem16) < sreg 1 0 0 0 1 0 O 2-4 
mod 0 sreg mem 
DSO, reg16, regi6 + (mem32), 11 0 0 0 Oo 1 2-4 
mem32 DSO + (mem32 + 2) 
mod reg mem 
DS1, reg16, regi6 + (mem32), 1 1 0 0 0 0 0 2-4 
mem32 DS1 + (mem32 + 2) 
mod reg mem 
AH, PSW AH + S,Z,x, AC, x, P, x, CY 100 1 1 1 1 1 
PSW, AH S, Z, x, AC, x, P, x, CY + AH 1 0 0 1 1 1 0 1 Xx 
LDEA regi6, mem16 regi6 + mem16 1 00 0 1 Oo 1 2-4 
mod reg mem 
TRANS _ src-table AL + (BW + AL) 1 $10 1 1 1 1 
XCH reg, reg reg + reg 1 0 0 0 0 1 W 2 
1 $14 reg reg 
mem, reg (mem) # reg 100 0 0 1 sW 2-4 
orreg, mem 
mod reg mem 
AW, regi6 AW  regi6 100 1 0 reg 1 
or regi6, AW 
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Instruction Set (cont) 





Mnemonic Operand 


Repeat Prefixes 


REPC 


Operation 


Operation Code 


’ Flags 
Bytes AC CY V P S Z 


While CW = 0, the next byte of the 


primitive block transfer instruction is 
executed and CW is decremented (-1). 
If there is a waiting interrupt, itis 


processed..When CY = 1, exitthe loop. 


REPNC 


While CW = 0, the next byte of the 
primitive block transfer instruction is 
executed and CW is decremented (—1). 
If there is a waiting interrupt, itis 


processed. When CY = 0, exit the loop. 


REP 
REPE 
REPZ 


REPNE 


While CW = 0, the next byte of the 
primitive block transfer instruction is 
executed and CW is decremented (—1). 
If there is a waiting interrupt, itis 
processed. If the primitive block transfer 
instruction is CMPBK or CMPM and 

Z = 1, exit the loop. 


While CW = 0, the next byte of the 


REPNZ 


primitive block transfer instruction is 
executed and CW is decremented (—1). 
If there is a waiting interrupt, itis 
processed. If the primitive block transfer 
instruction is CMPBK or CMPM and 

Z #0, exit the loop. 





Primitive Block Transfer 


MOVBK 


CMPBK 


dst-block, 
src-block 


src-block, 
dst-block 


When W = 0: (IY) © (IX) 
DIR=O0:1IX © IX+1, IY elY +1 
DIR = 1:1X « IX-1, IY «+ lY-1 

When W = 1: (IY + 1, 1Y) © (IX + 1, IX) 
DIR =0:1IX © IX+2,1Y<¢IV+2 
DIR = 1:1X « IX—2, IY « lY-2 


When W = 0: (IX)-(IY) 

DIR =0:1X © IX+4,IY © IY +1 
DIR = 1:1X © IX=1, IY « IY-1 
WhenW = 1:(IX + 1, 1X)—-(IY + 1, 1Y) 
DIR =0:IX © IX+2,1IY + IY +2 


DIR = 1:1X © IX—2,1¥ « lY-2 


CMPM 


dst-block 


When W = 0: AL—(IY) 
DIR =O:IY — lY+1;DIR=1:IY + lY-1 
When W = 1:AW-(IY + 1, 1Y) 


DIR =0:1IY « lY¥ +2;DIR=1:lY + lY-2 


LDM 


STM 


src-block 


dst-block 


When W = 0:AL < (IX) 

DIR =0:IX ¢ IX+1;DIR=1:1X © IX-1 
When W = 1: AW ¢ (IX + 1, IX) 

DIR =0:1X © 1X + 2;DIR=1:1X + IX-2 


When W = 0: (IY) « AL 
DIR =0:IY —1Y+1;DIR=1:I¥Y + IY-1 
When W = 1:(IY + 1, 1Y) - AW 
DIR=0:1Y + 1Y+ 2;DIR=1:IY —lY-2 
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Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 =O Bytes AC CY V P § Z 
Bit Field Transfer 
INS reg8, reg8 16-bit field — AW 0 00 0 111 «1 3 
oo 1 1 000 1 
1 1 reg reg 
reg8, imm4 16-bit field — AW 0 0 0 0 111 «41 4 
oo 1 1 100 1 
11 0 «0 0 reg 
EXT reg8, reg8 AW + 16-bit field 0 0 0 0 1 1 1 41 3 
001 1 0 071 1 
1 $1 reg reg 
reg8, imm4 AW ¢ 16-bit field 0 0 0 0 1 4 1 «1 4 
001 1 1 01 1 
1 $1 0 0 0 reg 
0 
IN acc, imm8 When W = 0:AL ¢ (imms) 1 $4141 £40 01 0W 2 
When W = 1:AH < (imm8 + 1), 
AL < (imm8) 
acc, DW When W = 0:AL + (DW) 1 $1 £1 «0 1 1 0W 1 
When W = 1:AH « (DW + 1), 
AL + (DW) 
OUT immé, acc When W = 0: (imm8) © AL ; 1 1 1 «0 o 11 #W 2 
When W = 1: (imm8 + 1) < AH, 
(imm8) « AL 
DW, acc WhenW =0: (DW) « AL 1 1 1 =#0 1 11 4W 1 
When W = 1:(DW + 1) ¢ AH, 
(DW) + AL 


Primitive Block |/O Transfer 


INM dst-block, DW When W = 0: (IY) + (DW) 0 1 1 #0 1104W 1 
DIR=0:IY + 1IY+1 
DIR =1:IY «+ IY-1 
When W = 1:(IY +1, 1Y) ¢ 
(DW + 1, DW) 
DIR=0:IY + 1Y+2 
DIR =1:IY + lY-2 


OUTM DW, src-block When W = 0: (DW) ¢ (IX) 0 1 1 =0 1 4 1 +W 1 
DIR = 0:IX + IX+1 2 
DIR = 1:1X + IX-1 
When W =.1:(DW + 1, DW) + 
(IX + 1, IX) 
DIR =0:1X + IX+2 
DIR = 1:1X + IX-2 
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Instruction Set (cont) 


Mnemonic Operand 


Addition/Subtraction 


ADD 


ADDC 


SUB 


SUBC 


60 


reg, reg 


mem, reg 


reg, mem 


reg, imm 


mem, imm 


acc, imm 


reg, reg 


mem, reg 


reg, mem 


reg, imm 


mem, imm 


acc, imm 


reg, reg 


mem, reg 


reg, mem 


reg, imm 


mem, imm 


acc, imm 


reg, reg 


mem, reg 


reg, mem 


Operation 


reg + reg + reg 


(mem) «+ (mem) + reg 


reg « reg + (mem) 


reg + reg + imm 


(mem) © (mem) + imm 


When W =0:AL + AL+imm - 
When W = 1:AW « AW + imm 


reg ¢ reg+ reg + CY 


(mem) « (mem) + reg + CY 


reg ¢ reg + (mem) + CY 


reg ¢ reg+imm+ CY 


(mem) «+ (mem) + imm + CY 


When W =0:AL © AL+imm+CY 
When W = 1:AW © AW+imm+ CY 


reg « reg — reg 


(mem) « (mem) — reg 


reg « reg — (mem) 


reg < reg —imm 


(mem) « (mem) — imm 


When W = 0: AL + AL —imm 
When W = 1:AW < AW -imm 


reg + reg—reg—CY 


(mem) < (mem) -—reg—CY 


reg + reg—(mem)-—CY 


Operation Code 

7 6 5 4 3 2 
0000 0 
1 1 reg 
0000 0 
mod reg 
0 0 0 0 0 
mod reg 

1 0 0 0 0 
1 #1 0 0 0 
1 0 0 0 0 
mod 0 0 0 
0000 0 
000 1 0 
1 $1 reg 
000 1 0 
mod reg 

0 0 0 1 0 
mod reg 

1 0 0 0 0 
1 1 0 4 0 
1 00 0 0 
mod 0 1 0 
0 0 0 1 0 
001 0 1 
1 $1 reg 
0 0 1 0 1 
mod reg 
0 0 1 0 1 
mod reg 
100 0 0 
1 4 41 °=0 1 
1000 0 
mod 1 0 1 
0010 1 
0 0 0 1 1 
1 $14 reg 
0 00 1 1 
mod reg 
0 00 1 1 
mod reg 


1 #0 


reg 
0 OW 


mem 


mem 
Ss W 
reg 
Ss W 
mem 
Oo W 


reg 
0 OW 


mem 


mem 
Ss W 
reg 
Ss W 
mem 
o OW 


reg 
0 W 


mem 


mem 
S W 
reg 
Ss W 
mem 
‘Oo W 


reg 
Oo W 


mem 


mem 


Flags 


Bytes AC CY V P § Z 
2 x Xx xX xX XxX xX 
2-4 x Xx -% xX X xX 
2-4 X x -% xX XxX xX 
3-4 X xXx xX xX xX X 
3-6 x Xx xX xX XxX X 
2-3 x X xX xX X X 
2 x xX xX xX xX X 
2-4 x Xx xX xX X X 
2-4 x Xx x* xX xX xX 
3-4 x Xx % X X xX 
3-6 x X xX xX XxX xX 
2-3 x Xx xX xX xX X 
2 x xX xX xX XxX xX 
2-4 x Xx xX xX xX X 
2-4 x Xx xX xX X xX 
3-4 X X xX xX X X 
3-6 X x xX xX X X 
2-3 x xX xX xX X X 
2 x Xx xX xX X X 
2-4 x MK EK XS xX 
2-4 x Xx xX xX xX 


N:; E Cc pPD70325 (V25 Plus) 


Instruction Set (cont) 





Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V P §$§ Z 


Addition/Subtraction (cont) 






















SUBC reg, imm reg + reg-imm—CY 100 0 00S W 3-4 x xX “x X xX xX 
1 #1 01 1 reg 
mem, imm (mem) <— (mem)—imm—CY 1 0 0 0 00S W 3-6 Xx xX x xX XxX X 
mod O 1 1 mem 
acc, imm When W = 0: AL « AL—imm—CY 0 00 1 1 1 0 W 2-3 x Xx xX XxX xX xX 
When W = 1:AW + AW-—imm-CY 
BCD Operation 
ADD4S dst BCD string « dst BCD string 0 00 0 1 11 41 2 u xX UuU UU xX 
+ srcBCD string 001 0 000 0 
SUB4S dst BCD string + dst BCD string 0 00 0 111 «1 2 u x u U U xX 
— src BCD string 00141 0 001 0 
CMP4S dst BCD string-—src BCD string 000 0 1 471 =1 2 u x uUu UU xX 
0 0 1 0 o 141 «#0 
ROL4 reg8 5 AL 0 7 rege 0 0 00 0 1 #11 41 3 
83YL-6770A 1 1 ss ° G reg 
mem8 + AL 0 7 mems o 9 0 0 0 1 141 1 3-5 
fe eed mod 0O 0 0 mem 
ROR4 reg8 AL 0 7 reg8 o © 0 0 0 1 $11 1 3 
mems 7 AL 0 7 Bones 0 0 0 0 1 1 1 =41 3-5 


BCD Adjust 


ADJBA When (AL AND OFH) > 9 or AC = 1: 0 01 1 Oo t 14°41 1 x xX U U UU 
AL + AL+6,AH «+ AH+1,AC <1, 
CY < AC, AL + ALANDOFH 


ADJ4A When (AL AND OFR) > 9 or AC = 1: 001 90 Oo 11 =¢41 1 x xX U xX X xX 
AL « AL+ 6,CY + CYORAC, AC <1, 
_ WhenAL > 9FH, or CY = 1: 
AL ¢ AL + 60H, CY + 1 


ADJBS When (AL AND OFH) > 9 or AC = 1: 0.0.1 1 111 41 1 Xx xX u U UU 
CY + AC, AL + ALAND OFH 


ADJ4S When (AL AND OFH) > 9 or AC = 1: 0 0 1 0 1 #141 =¢1 1 x xX UuU %X® X xX 
AL + AL—6,CY « CYORAC,AC <1, 
When AL > 9FH, or CY = 1: 
AL «+ AL+ 60H, CY <1 
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Instruction Set (cont) 





Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3.2 1 Bytes AC CY V P S Z 
Increment/Decrement 
INC reg8 reg8 + reg8 + 1 1 $141 «1 1 1 2 x Xx xX XxX xX 
1 $1 0 0 0 reg 
mem (mem) + (mem) + 1 1 $141 «1 1 1 2-4 x Xx xX X xX 
mod 0O 0 0 mem 
regi6 regi6 — regi6 + 1 0 1 0 0 0 reg 1 x » ee aS Sa 
DEC reg8 reg8 + reg8 — 1 1 #11 «1 1 1 2 X xX xX xX X 
1 $1 0 0 1 reg 
mem (mem) < (mem) — 1 1 14 1 1 1 1 2-4 Xx xX xX X xX 
mod 0 0 1 mem 
regi6 regi6 — regi6 — 1 0 10 0 1 reg 1 x xX xX xX xX 
Multiplication 
MULU reg8 AW ¢ AL xreg8 1411 1 2 u xX xX uuu 
AH=0:CY «+ 0,V <0 14410 7m 
AH #0:CY + 1,Ve1 9 
mems AW + ALx (mem8) 1 $11 «4 1 2-4 u Xx xX u uu 
AH=0:CY + 0,V «+0 Wid. Me earn 
AH # 0:CY + 1,Ve¢1 
regié6 DW, AW < AW xreg16 1 $147 4 0 1 2 u xX xX uo uu 
DW =0:CY + 0,V <0 11 14°0 0 re 
DW #0:CY + 1,V<1 9 
mem16 DW, AW + AWx(mem16) 1 A eA 0 1 2-4 u xX xX uu eU 
DW =0:CY + 0,V <0 d 1.0 0 en 
DW #0:CY + 1,V+1 me 
MUL reg8 AW + AL xreg8 1 $141 =«1 0 1 2 u x x%* uo uu 
AH = ALsign expansion: CY « 0,V <0 
AH # AL sign expansion: CY - 1,V «1 is a a u reg 
mems AW «+ ALx(mem8s) 1 #141 «1 0 1 2-4 u xX ™@Mh uu eu 
AH = ALsign expansion: CY + 0, V + 0 made as 0 1 sass 
AH = ALsign expansion: CY + 1,V < 1 
regi6 DW, AW + AWxreg16 ie a ee, 1 2 uo xX xX u UU 
DW = AWsignexpansion: CY - 0, V + 0 1 1 0 1 es 
DW = AWsign expansion: CY « 1,V < 1 g 
mem16 DW, AW «+ AWx(mem16) 141 «41 0 1 2-4 u xX -'%k u ui iu 
DW = AWsign expansion: CY < 0,V « 0 
DW = AWsign expansion: CY « 1,V «1 ee. 1 ne 
regi6, reg16 < regi6 ximm8 O48 oO A 1 3 ux xX Wu UU 
reg16, Product = 16 bits: CY + 0,V «+ 0 
imms Product > 16 bits: CY + 1,V +1 me reg neo 
reg 16, regi6 — (mem16) x imms 0 11 +0 1 1 3-5 u xX XxX uo ui ou 
memi6, Product <= 16 bits: CY - 0,V +0 ad mn niem 
imms Product > 16 bits: CY + 1,V <1 g 
reg16, reg16 < regi6 ximm16 0 1 1 £ #0 1 0 4 u X xX u ui ou 
reg 16, Product = 16bits: CY + 0,V +0 4. m ‘és 
imm16 Product > 16 bits: CY « 1,V «1 g 9 
reg 16, - reg16 < (mem16) ximm16 0 1 1 +40 1 0 4-6 u- x x uu _U 
memi6, Product = 16 bits: CY — 0,V +0 fea: a fein 
imm16 Product > 16 bits: CY + 1,V <1 g 
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Instruction Set (cont) 





Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 £=Bytes AC CY V P §& 


N 


Unsigned Division 


DIVU reg8 temp + AW 14141 «41 o 1 1 #0 2 u uu ou eu 
When temp = reg8 > FFH: ghia ao Sal? ae fee 
(SP-—1, SP—2) + PSW, 
(SP-—3, SP—4) ¢ PS, 
(SP—5, SP—6) + PC, SP « SP-6, 
IE + 0, BRK « 0,PS  (3,2),PC ¢ (1,0) 
All other times: 
AH + temp % reg8, AL + temp + reg8 


c 


mems temp + AW 114141 é4 0 11 £40 2-4 u uu uous ou 
When temp = (mem8) > FFH: Pos Awa ae! te ae 
(SP—1, SP—2) «+ PSW, 
(SP-3, SP—4) ¢ PS, 
(SP—5, SP—6) + PC, SP + SP-—6, 
IE + 0, BRK < 0, PS « (3, 2), PC + (1,0) 
Ail other times: 
AH < temp % (mem§8), AL — temp = (mems) 


c 


reg16 temp «+ AW 1141 ¢41 Oo 1 1 «41 ‘2 u uu uu 
When temp ~ reg16 > FFFFH: Fae eS an oe eR igs a 
(SP—1, SP—2) + PSW, ee a 
(SP—3, SP—4) + PS, 
(SP—5, SP-6) «+ PC, SP + SP-6, 
IE + 0, BRK « 0, PS ¢ (3, 2), PC « (1, 0) 
All other times: 
AH ¢ temp %reg16, AL + temp + reg16 


mem16 temp + AW pa le ae MC © es en ee 2-4 uo uouiouUi du 
, When temp + (mem16) > FFFFH: esas a nag Oy Sar Poe cites ay a 
(SP-1, SP-2) + PSW, nek a RP: em 
(SP-3, SP—4) + PS, 
(SP-—5, SP—6) + PC, SP + SP-6, 
IE + 0, BRK + 0, PS (3, 2), PC + (1,0) 
All other times: 
AH + temp%(mem16), AL + temp = (mem16) 


c 





c 


Signed Division 


DIV reg8 temp « AW 14 1 41 0 1 1 +0 2 u uo u ou uu 
Whentemp + reg8>Oandtemp+reg8 ~~ . 4 44 &4z-. 
> 7FH or temp + reg8 < 0 and 
temp + reg8 <0-7FH—1: 

(SP-1, SP—2) + PSW, 

(SP-3, SP—4) + PS, 

(SP—5, SP—6) + PC, SP + SP-6, 
IE - 0, BRK « 0, PS ¢ (3, 2), PC + (1,0) 
Allother times: 

AH ¢ temp %reg8, AL + temp + reg8 


mems temp - AW 11141 #0141 1 =0 2-4 uu ui ui iu 
When temp + (mem8) > 0 and (mems) > ; 
7 FHor temp + (mem8) <0 and 
temp + (mem8) <0-—7FH—1: 
(SP--1, SP-2) — PSW, 
(SP—3, SP—4) + PS, 
(SP-5, SP—6) + PC, SP « SP-6, 
IE + 0, BRK < 0, PS + (3, 2), PC < (1,0) 
All other times: 
AH ¢ temp % (mem8), AL < temp + (mems) 





c 
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pPD70325 (V25.Plus) 


NEC 





Instruction Set (cont) 








. Operation Code Flags 
Mnemonic Operand Operation 765 4 3 2 4 0 Bytes AC CY V P S Z 
Signed Division (cont) ; 

DIV regi6 temp «+ DW, AW 111 1 o 11 1 2 u uu ou u'uU 
When temp = reg16 > 0 and reg16 
> 7FFFH or temp = reg16 < a a : reg 
O-7FFFH—1: 
(SP-1,SP-—2) + PSW, 
(SP-—3, SP—4) + PS, 
(SP—5, SP—6) + PC, SP + SP-6, 
IE + 0, BRK < 0, PS ¢ (3, 2), PC + (1,0) 
All other times: 
AH + temp %reg16, AL + temp = regi6 
mem16 temp — DW, AW 1 #141 =«1 Oo 11 =41 2-4 U uu eu uiu 
When temp ~ (mem16) > 0 and (mem16) 
> 7 FFFHortemp = (mem16) <0 and re enn 
temp + (mem16) < 0-7FFFH—1: 
(SP-—1,SP—2) + PSW, 
(SP—3, SP—4) + PS, 
(SP-—5, SP—6) + PC, SP + SP-6, 
IE + 0, BRK + 0, PS + (3, 2), PC + (1,0) 
Allother times: : 
AH + temp%(mem16), AL + temp + (mem16) 
Data Conversion 
CVTBD AH « AL = OAH, AL + AL% 0AH 1 1 0 1 0 1 0 0 2 u uu XxX xX xX 
00°00 10. 4 0 
CVTDB AH «+ 0, AL «.AHxOAH + AL 1 10,1 OA OA 2 uo u ux x x 
0 0 0 0 1 0 1.0 
CVTBW When AL < 80H: AH « 0 100 1 1 0 0 0 1 
Allother times: AH «+ FFH : 
CVTWL When AL < 8000H: DW + 0 100 1 100 1 1: 
Allother times: DW «— FFFFH 
Comparison 
CMP reg; reg reg—reg 0 0 1 1 1 01 W 2 Xx Xx xX XxX X X 
1 1 ~~ reg " teg 

mem, reg (mem) —reg 0 0 1 1 1 0 0° .W 2-4 x x xX xX xX X 

mod reg mem 

reg, mem reg—(mem) 0 01 41 101 W 2-4 x x x xX XxX xX 

mod reg mem . 
reg, imm reg—imm i 0 0 90 0 0°S W 3-4 x x xX xX X xX 
1 #11 «1 1 reg 

mem, imm (mem) —imm >. 1:0°0 0 0006S h6UWW 3-6 X x x xX X X 

mod 1 1 1 mem 

acc, imm When W = 0: AL—imm 0 01 1 1 $1.°0W 2-3 x x xX X X xX 


When W = 1:AW-imm 


NY’; E Cc pPD70325 (V25 Plus) 


Instruction Set (cont) 











Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V P §$§ Z 
Complement 
NOT reg reg + reg 1 Ak A o1%1W 2 
1101 #0 reg 
mem (mem) « (mem) 144141 o1%1°W 2-4 
mod 0 1 0 mem 
NEG reg reg + reg+1 14111 o 11 é+W 2 x x xX xX xX X 
1101 1 reg 
mem (mem) + (mem) + 1 14411 0 1 1 +W 2-4 x xX xX X xX xX 
mod 0 1 1 mem 
Logical Operation 
TEST reg, reg reg AND reg 1 0 0 0 0 10W 2 u 0 oO .V x xX 
1 1 reg reg 
mem, reg (mem) AND reg 100 0 0 1 0W 2-4 u 0 O .'V x xX 
orreg, mem mod reg math 
reg, imm reg AND imm 11 t 1 o 11 W 3-4 u 0 O -.V. x x 
1100 0 reg . 
mem, imm (mem) AND imm 1147 0 1 1 +W 3-6 u 0 O .V.V x xX 
mod 0 0 0 mem 
acc, imm When W = 0: ALAND imm8 1 #0 0 1 0 0 W 2-3 u 0 O 7-7 x x 
When W = 1: AW AND imms 
AND reg, reg reg + reg AND reg 001 0 0 0 1 W 2 uU o oO x x x 
1 $1 reg reg 
mem, reg (mem) < (mem) AND reg 0 01 0 0 0 0 W 2-4 u 0 O -7V.~ x x 
mod reg mem 
reg,mem reg + reg AND (mem) 0 01 0 001 W 2-4 u 0 O -. x x 
mod reg mem 
reg, imm reg + regANDimm 1000 000 W 3-4 u' O O x x xX 
1 1 0 0 reg 
mem, imm (mem) « (mem) ANDimm 100 0 000 W 3-6 u oO 0 .V.V x xX 
mod 1 0 0 mem 
acc, imm When W = 0: AL « AL AND imm8 001 0 0 10 W 2-3 u 0 O -%V. x xX 


When W = 1:AW © AWANDimm16 








pPD70325 (V25 Plus) 


NEC 





Instruction Set (cont) 








Operation Code Fiags 
Mnemonic Operand Operation - 7 65 4 3 2 1 #0 Bytes AC CY V P $ 2 
Logical Operation (cont) | : 
OR reg, reg reg « regORreg 0000 101 W 2 u 0 oO -.V. x xX 
1 $1 reg reg 
mem, reg (mem) < (mem) OR reg 0000 1 0 0 W 2-4 u 0 oO x. x xX 
mod reg mem 
reg, mem reg + regOR (mem) 0 0 0 0 101 W ~~ 2-4 u 0 0O x x xX 
mod reg mem 
reg; imm reg « regORimm 1000 00 0 W 3-4. u- 0 O x x xX 
1 #1 0 0 1 reg 
mem, imm (mem) «+ (mem) OR imm 100 0 0 0 0 W 3-6 u 0 O .V. x xX 
mod O 0O 1 mem 
acc, imm When W = 0: AL + ALORimm8s 0 0 0 0 110 W 2-3 u 0 O xX x x 
; When W = 1:AW: -+ AWORimm16 
XOR reg, reg reg « reg XOR reg 0 0 1 4 0 0 1 W 2 u 0 oO %. x xX 
reg reg 
mem, reg (mem) < (mem) XOR reg 0 01 1 000 W 2-4 u 0 0x x x 
mod reg mem 
reg, mem reg < reg XOR (mem) 0 01 1 00 1 W 2-4 u 0 O -.7 x xX 
mod reg mem 
reg, imm reg « regXORimm 10 0 0 0.0 0.W 3-4 u 0 O x x x 
. 1 1 1 0 reg . 
mem, imm (mem) < (mem) XORimm 10 0 0 0 00 W 3-6 u 0 O -.7 x xX 
mod 1 1 0 mem 
acc, imm When W = 0:AL + AL XORimm8 001 1 01 0W 2-3 u 0 O -.7. x xX 
When W = 1: AW © AW XOR imm16 
Bit Operation 
TEST1 reg8, CL reg8 bitno. CL=0:Z + 1 0 00 1114-1 3 u Oo O uu x 
reg8 bitno.CL= 1:2 - 0 000 1 000 0 
1 Oo 0 0 reg 
memés, CL (memés) bitno. CL = 0:Z + 1 0 0 0 111 ay 3-5 u Oo O uu x 
(me bitno.CL= 1:2 +0 0 0 1 000 0 
mod 0 0 0 mem 
regi6, CL regi6 bitno. CL =0:Z + 1 0: 0. 0-0) 2 4 a a 3 u 0 O uu x 
reg16 bitno.CL=1:Z «+0 000 1 000 1 
110 0 0 reg 
mem16, CL (mem 16) bitno. CL = 0:Z < 1 0 0 0 0 1114 «1 3-5 u 0 QO u u x 
(mem 16) bitno. CL = 1:Z + 0 000 1 000 1 
mod 0 0O 0 mem 
reg8, imm3 reg8 bit no. imm3 = 0:Z — 1 0 0 0 0 1 11 4 4 u 0 oO uu x 
reg8 bit no. imm3 = 1:Z — 0 000 1 4000 
1 $1 0 0 0 reg 
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N:; E Cc pPD70325 (V25 Plus) 


Instruction Set (cont) 








Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3.2 1 «#0 Bytes AC CY V P S$. _ Z 
Bit Operation (cont) 
TEST1 memé, imm3 (mem8) bit no. imm3 = 0:Z ¢ 1 0 0 1114 ~«1 4-6 u 0 O u_uU xX 
(memé8) bit no. imm3 = 1:Z - 0 04 100 0 
mod 0O 0 0 mem 
reg16, imm4 reg 16 bit no. imm4 = 0:Z + 1 0 0 0 0 1141 ¢1 4 u 0 O u _u xX 
reg16 bit no. imm4 = 1:Z + 0 0001 100 1 
1 1 0 0 0 reg 
‘memi6, imm4 (mem16) bit no. imm4 = 0:Z < 1 0 0 0 0 1 41 1 4-6 u 0 O ui iu x 
(mem 16) bit no. imm4 = 1:Z + 0 0001 4 “@.- 4 
mod 0 0 0 mem 
NOT1 reg8, CL reg8 bitno. CL + reg8bitno. CL 0000 3411 «41 3 
000 1 0 1 1 #0 
1 0 0 0 reg 
memé, CL (mem8) bitno.CL + (mem8)bitno.CL 0 0 0 0 11411 1 3-5 
000 1 0 1 14 0 
mod 0O 0 0 mem 
reg16, CL regi6 bitno. CL + regi6 bitno. CL @. 20? 300% A A 3 
0 0 0 1 Oo 11 41 
1 1 0 0 0 reg 
mem16, CL (mem16)bitno.CL « (mem16)bitno.CL 0 0 00 14141141 3-5 
0 00 1 oO 1 1 1 
mod 0 0 0 mem 
reg8, imm3 reg8 bit no. imm3 + reg8 bit no. imm3 0000 141 1-41 4 
0 1 1 #1 #1 #0 
11 0 0 0 reg 
mem8, imm3 (mem8) bit no. imm3 + (mem8) bitno.imm3 0 O10; of) A <4) 4 4-6 
0 0 61 11 1 #0 
mod 0 0O 0 mem 
reg16, imm4 reg16bitno. imm4 + regi6bitno.imm4 0 0o 1141 41 4 
0 0 1 1 #1 141 =«1 
1 $1 0 0 0 reg 
mem16,imm4 — (mem16)bitno.imm4 + (mem16)bitno.imm4 0 0o 1% 14 1 4-6 
| | 0 0 0 1 1 #1 #1 «1 
mod 0 0O 0 mem 
CY CY + CY 1 $4 £71 «41 0 1 0 1 1 x 
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NEC 





Instruction Set (cont) 


Mnemonic Operand 


Bit Operation (cont) 
CLRi1 reg8, CL 


mems, CL 


reg16, CL 


mem16, CL 


reg8, imm3 


memé, imm3 


regi6, imm4 


mem16, imm4 


CY 
DIR 
SET1 reg8, CL 


memés, CL 


regi6, CL 


mem16, CL 


Operation 


reg8 bitno. CL - 0 


(memé8) bit no. CL + 0 


reg16 bitno. CL + 0 


(mem 16) bitno. CL + 0 


reg8 bit no. imm3 + 0 


(mem8) bitno. imm3 < 0 


reg16 bit no. imm4 + 0 


(mem 16) bit no. imm4 < 0 


CY +0 
DIR «+ 0 
reg8 bitno. CL < 1 


(mem8) bitno. CL + 1 


regi6 bitno.CL + 1 


(mem16) bitno. CL < 1 


Operation Code 


7 6 5 4 


o;o};}-/;];co];°o0 
o;o};]+;o;o 


o!lo 


lo) 
Oo 


mod 


—_— 
O}oO};]-1]O;]o0O 


mod 


“=-)/O1/0Oj;O/OLJOJOFOPo;Jo;os;olsoy;yosoy;yoyojyo;yoy;yor;rojyoy;oyo]o 


_— 


O7T/o;o;o!o;]os;o};]o];o1ot1o!]o 


o|o 


a> f7;/o;o}H {Polo}; jo;o (=) 


ojo 


o1;1o);-;/o;o{— 


o/;/o!/]-;o;/o};-10;0O 


(=) 


3 2 


~Tolfo;]—]-;joy;yo;r7yolo y= 


o|o 


oO;/-!1!0;7/0};?;O ]]O]—]=];/0O0);,0 = 


1 


0 


Flags 


Bytes AC CY V P $ Z 
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Instruction Set (cont) 











Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 #4=%Bytes AC CY V P § Z 
Bit Operation (cont) 
SET1 reg8, imm3 reg8 bitno.imm3 + 1 0 00 0 A Sec erly 4 
0 00 1 1 $1 0 07 
1 1 0 0 0 reg 
memsé, imm3 (mem8) bit no. imm3 < 1 0 0 0 0 1114 471 4-6 
0 0 0 1 1 1 0 0 
mod 0 0O 0 mem 
reg16, imm4 reg16 bitno. imm4 « 1 0 0 0 0 1.1 1 41 4 
0 00 1 1 $1 0 1 
1 #1 0 #0 0 reg 
mem16, imm4 (mem16) bit no. imm4 + 1 00.0 0 a Ae OA 4-6 
000 1 1 1.0 1 
mod 0 0 0 mem 
CY CY +1 1 $1 14 «1 1 0 0 1 1 1 
DIR DIR + 1 1 $11 1 110 1 1 
Shift 
SHL reg, 1 CY + MSBofreg, reg + regx2 1 $1 0 1 0 0 0 W 2 u Xx xX xX xX 
When MSB of reg = CY, V < 1 ; 44.8 fe 
When MSBofreg = CY, V + 0 : 
mem, 1 CY «+ MSBof(mem),(mem) + (mem)x2 1 1 O 1 0 0 0 W 2-4 U x x xX XxX X 
: When MSB of (mem) # CY, V ¢ 1 ee a saan 
When MSB of (mem) = CY, V + 0 
reg, CL temp < CL, while temp = 0, 1 #410 1 001 W 2 u xX u -% X xX 
repeat this operation, CY + MSB of reg, <4 0 0 reg 
reg « regx2, temp + temp—1 
mem, CL temp + CL, while temp = 0, 1 1 0 1 0 0 1 W 2-4 u xX u XxX xX xX 
repeat this operation, CY « MSBof(mem), 
(mem) + (mem) x2, temp « temp—1 moe ee ® on 
reg, imm8 temp < imm8, while temp = 0, 1 1 0 0 0 0 0 W 3 u xX U XxX X xX 
repeat this operation, CY — MSB of reg, + 14°40 0 reg 
reg « regx2, temp « temp—1 
mem, imm8s& temp < imm8, while temp = 0, 11 0 0 0 0 0 W 3-5 u xX U %™ X xX 
repeat this operation, CY + MSB of (mem), 
mod 1 0 0 mem 


(mem) + (mem) x 2, temp «+ temp—1 
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Instruction Set (cont) 





Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V P S Z 
Shift (cont) 
SHR reg, 1 CY <« LSBofreg, reg « reg + 2 110 1 0 00 W 2 u x x x xX X 
WheaMee of reg # bit following MSB 4 #6 1 reg 
ofreg:V < 1 
When MSB of reg = bit following MSB 
ofreg:V + 0 
mem, 1 CY «+ LSBof(mem),(mem) «+ (mem)+2 1 1 0 1 0 00 W 2-4 u x xX xX XxX X 
When MSB of (mem) = bit following MSB 
: mod 1 0 1 mem 
of (mem): V « 1 
When MSB of (mem) = bit following MSB 
of (mem): V <« 0 
reg, CL temp < CL, while temp = 0, 11 0 1 0 0 1 W 2 u x u %™% XxX xX 
repeat this Operation, CY + LSBof reg, 4414 0 1 reg 
reg + reg + 2, temp < temp—1 
mem, CL temp « CL, while temp = 0, 1°10 1 0 0 1 W 2-4 u xX u XxX XxX xXx 
repeat this operation, CY + LSBof(mem), od 4: 0 1 Aah 
(mem) < (mem) + 2, temp — temp—1 
reg, imm8 temp < immé8, while temp = 0, 1 141 0 0 0 0 0 W 3 u x U -% X xX 
repeat this operation, CY + LSBof reg, a ae ae 1 reg 
reg « reg = 2, temp < temp—1 
mem, imm8 temp < immé8, while temp = 0, 1 $1 0 0 0 0 0 W 3-5 u Xx UuU XxX X X 
repeat this operation, CY < LSB of (mem), 
(mem) < (mem) = 2, temp « temp—1 tom 3 : = 
SHRA reg, 1 CY + LSBofreg, reg « reg+2,V +0 1 $41 0 41 0 0 0:W 2 u x O x x xX 
MSB of operand does not change ir ae 1 reg 
mem, 1 CY + LSBof(mem),(mem) <—(mem)+2, 1 1 O 1 0 00 W 2-4 u x O %X xX xX 
V < 0, MSB of operand-:does not change ad At. 4 1 mann 
reg, CL temp © CL, while temp = 0, 110 41 0 0 1 W 2 u x uUu % X xX 
repeat this Operation: CY « LSBofreg, ioe 44 { reg 
reg « reg + 2, temp <— temp—1 
MSB of operand does not change 
mem, CL temp «+ CL, while temp = 0, 1 1 0 1 0 0 1 W 2-4 u x uUu xX XxX xX 
repeat this operation, CY + LSB of (mem), od.’ 4 4 1 ae 
(mem) < (mem) = 2, temp + temp—1 
MSB of operand does not change 
reg, imm8 temp «< immé, while temp #0, 1 $1 0 0 0 00 W 3 u x u XxX X X 
repeat this operation: CY «+ LSBofreg, a Ge ea 1 reg 
reg + reg + 2, temp <— temp—1 
MSB of operand does not change 
mem, imm8s temp < immé8, while temp = 0, 1 1 0 0 000 W 3-5 u x UuU %x* XxX xX 
repeatthis operation, CY ~LSBof(mem), ~~. > +=, +=, . 
; mod 1 1 1 mem 
(mem) = (mem) = 2, temp < temp—1 
MSB of operand does not change 
Rotation 
ROL reg, 1 CY « MSBofreg, reg « regx2 + CY 114 0 1 0 0 0 W 2 x xX 
MSB of reg # CY: V + 1 1100 0 reg 


MSB of reg = CY: V + 0 


mem, 1 CY + MSBof(mem), 11 0 1 000 W 2-4 x xX 
(mem) « (mem) x2 + CY "EW A GAL a ee 
MSB of (mem) # CY: V < 1 
MSB of (mem) = CY: V + 0 


mod 0O 0 0 mem 
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Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 +O #=Bytes AC CY V P §$ Z 
Rotation (cont) 
ROL reg, CL temp < CL, while temp = 0, Po We SObe A 001 W 2 x U 
repeat this operation, CY «— MSB of reg, i io oe? 0° eg 


reg + regx2+ CY, 
temp < temp-1 


mem, CL temp + CL, while temp = 0, 1101 001 W 2-4 x ou 
repeat this operation, CY + MSB of (mem), 
(mem) < (mem) x2 + CY, nod 0s 2@ : Oy) 
temp < temp-—1 


reg, imms temp < immé8, while temp = 0, 110 0 0 0 0 W 3 x ou 
repeat this operation, CY + MSB of reg, 
reg + regx2+CY, ee a a e reg 
temp < temp—1 

mem, imm8s temp < immé, while temp = 0, 11 0 #0 0 0 0 WwW 3-5 xX ou 
repeat this operation, CY — MSB of (mem), 
(mem) + (mem) x2 + CY, meds 0:8 0 oon 
temp «+ temp—1 

ROR reg, 1 CY + LSBofreg, reg + reg = 2, 110 1 0 0 0 W 2 x x 

MSB of reg + CY 1100 { reg 


MSB of reg = bit following 
MSB ofreg: V < 1 
MSB of reg = bit following 
MSB ofreg: V « 0 


mem, 1 CY « LSBof(mem), (mem) + (mem)+2, 1 1 O 1 0 0 0 W 2-4 x xX 
MSB of (mem) + CY, ae ge A kine ae = hee 
MSB of (mem) = bit following 
MSB of (mem): V + 1 
MSB of (mem) = bit following 
MSB of (mem): V «+ 0 


reg, CL temp + CL, while temp = 0, 11 041 0 0 1 W 2 xX ou 
repeat this operation, CY «+ LSB ofreg, ae op ee Ce ee 
reg + reg + 2, MSBofreg « CY, 
temp + temp—1 


mem, CL temp + CL, while temp = 0, 1 10 1 0 01 W 2-4 xX ou 
repeat this operation, CY — LSB of (mem), 





mod 0O 0 1 mem 


(mem) «+ (mem) + 2, MSB of (mem) < CY, men OS : prae 
temp < temp—1 
reg, imm8s temp + imm8, while temp = 0, 1 $1 0 0 0 0 0 W 3 x oU 
repeat this operation, CY « LSB of reg, 
reg + reg + 2, MSBofreg + CY, re ! 19 
temp « temp—1 
mem, imms temp « immé8, while temp = 0, 11 0 0 0 0.0 W 3-5 x ou 
repeat this operation, CY — LSB of (mem), 
mod O 0 .-1 mem 


(mem) < (mem) = 2, 
temp « temp—1 
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Instruction Set (cont) 





Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 =Bytes AC CY V P S$ 2 
Rotate 
ROLC reg, 1 tmpcy « CY, CY + MSBofreg, 110414 00 0 W 2 xX xX 
reg « regx2 + tmpcy 1101 +O tg 


MSBofreg = CY:V + 0 
MSB of reg # CY: V «+ 1 


mem, 1 tmpcy « CY, CY — MSBof (mem), 110 41 0 0 0W 2-4 x xX 
(mem) « (mem) x2 + tmpcy cen Nua Ee -4 
MSB of (mem) = CY: V «+ 0 
MSB of (mem) # CY: V + 1 


reg, CL temp < CL, while temp = 0, 1 £1041 0 0 1 W 2 x uU 
repeat this operation, tmpcy « CY, ee GPA EO Aine ae 


CY + MSBofreg, reg « regx2 + tmpcy, ee aes reg 
temp < temp-—1 
mem, CL temp + CL, while temp = 0, 1 10 1 0 0 1 W 2-4 xX oU 
repeat this operation, tmpcy < CY, 
CY + MSBof(mem), meat ae sien 
(mem) < (mem) x2 + tmpcy, 
temp + temp—1 
reg, imm8 temp « immés, while temp = 0, 1 $1 0 0 0 0 0 W 3 xX ou 
repeat this operation, tmpcy < CY, 
CY + MSB ofreg, reg + regx2 + tmpcy, parle ae 9 reg 
temp < temp—1 
mem, imm8s temp < immés, while temp = 0, 1 1 0 0 0 0 0 W 3-5 x U 
repeat this operation, tmpcy — CY, 
CY + MSBof(mem), ned OS eM 


(mem) « (mem) x 2 + tmpcy 
temp < temp-—1 


RORC reg, 1 tmpcy « CY, CY «— LSBofreg, 1 $1 0 1 00 0W 2 x xX 
reg < reg + 2, MSBofreg < tmpcy, waht wage wie ap age te 
MSB of reg = bit following 
MSB of reg: V < 1 
MSB of reg = bit following 
MSB of reg: V = 0 


mem, 1 tmpcy « CY, CY « LSB of(mem), 110 1 000 W 2-4 x xX 
(mem) < (mem) + 2, oe eee eg Sea TO 
MSB of (mem) < tmpcy, 
MSB of (mem) = bit following MSB 
of(mem):V + 1 
MSB of (mem) = bit following MSB 
of (mem): V + 0 


reg, CL temp + CL, while temp =~ 0, 1 $10 1 00 1 W 2 x ou 
repeat this operation, tmpcy « CY, a ane ee oh. eo a 
CY + LSBofreg, reg + reg = 2, 
MSB of reg + tmpcy, temp < temp—1 


mem, CL temp < CL, while temp = 0, 1 1 0 1 00 1 W 2-4 xX ou 
repeat this operation, tmpcy < CY, 


CY + LSBof(mem),(mem) « (mem)+2, 7? 9 1 7 mem 
MSBof (mem) < tmpcy, temp « temp—1 

reg, imms temp — immé8, while temp = 0, 1 #1 0 0 0 0 0 W 3 xX U 
repeat this operation, tmpcy « CY, 
CY + LSBofreg, reg « reg + 2, Py 3 a : reg 
MSB of reg + tmpcy, temp < temp—1 

mem, imms temp < imm8, while temp = 0, 1 #1 0 0 0 0 0 W 3-5 xX ou 
repeat this operation, tmpcy < CY, Wied 0 4 { sein 


CY « LSB of (mem), (mem) « (mem) = 2, 
MSB of (mem) < tmpcy, temp < temp—1 


NV. E C MPD70325 (V25 Plus) 


Instruction Set (cont) 








Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 #0 Bytes AC CY V P § Z 
Subroutine Control Transfer 
CALL near-proc (SP-—1,SP~—2) + PC, SP «+ SP-2, 1 1 1 ~=0 10 0 0 3 
PC + PC + disp 
regptrié6 (SP-1,SP—2) «+ PC, SP + SP-2, 1 #141 «41 1 #1 #14 «1 2 
PC + regptr16 +1014 #0 reg 
memptr16 (SP—1,SP-—2) + PC, SP + SP-2, tod eb Al 1 41 1 =1 2-4 
PC © (memptr16) oe ae ee ee 
far-proc (SP-—1,SP-2) + PS, 100 1 10 1 #0 5 


(SP—3, SP—4) + PC, 
SP + SP~—4, PS ¢ seg, PC + offset 


memptr32 (SP—1, SP—2) + PS, ear ar ae ee ee 
(SP-3, SP—4) « PC, See gga ae ea a 








SP + SP—4,PS + (memptr32 + 2), a 
PC + (memptr32) 
RET PC + (SP +1,SP),SP + SP+2 WE Ge 10. 08-00 - ale 24 1 
pop-value PC + (SP + 1, SP), 11 0 0 0 0 1 0 3 
SP < SP + 2, SP + SP + pop-value 
PC + (SP+1,SP),PS + (SP +3,SP+2), 1 1 0 O 1 0 1 1 1 
SP + SP+4 
pop-value PC + (SP +1,SP),PS + (SP+3,SP+2), 1 1 0 O 10 1 #0 3 
SP «+ SP + 4, SP ¢ SP + pop-value 
Stack Manipulation 
PUSH mem16 (SP—1,SP-—2) + (mem16), 1 11641 1 1 1 «1 2-4 
See pr=e mod 1 1 0O mem 
regi6 (SP-1, SP—2) + regi6, SP + SP-2 1 0 1 0 reg 1 
sreg (SP-1, SP-—2) + sreg, SP + SP-2 0 0 sreg 1 1 0 1 
PSW (SP—1,SP—2) + PSW, SP + SP-2 100 1 1.1 0 #0 1 
R Push registers on the stack Oo 1 1 +40 0: 0: «6-30 1 
imm (SP-—1, SP—2) < imm, Oo 1 1 =«~0 10 S$ QO 2-3 
SP «+ SP-2, WhenS = 1, sign extension 
POP memi6 (mem16) + (SP + 1,SP),SP —+SP +2 1 0 0 0 | ee Ses | 2-4 
mod 0O 0O 0 mem 
regi6 regi6 + (SP + 1,SP),SP —SP+2 o 1 0 1 1 reg 1 
sreg sreg + (SP +1,SP),sreg:SS,DSO,DS1 0 O 0 sreg 1 $1 1 1 
SP -SP+2 
PSW PSW « (SP +1,SP),SP + SP+2 100 1 1 101 1 R R R R RR 
R Pop registers from the stack ot 1 £0 0 0 0 1 1 
PREPARE imm16, imm8 Prepare new stack frame 1 #1 0 0 1 0 0 0 4 
DISPOSE Dispose of stack frame 1100 4 0 0 1. 1 
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Instruction Set (cont) 


Mnemonic Operand 


Branch | 
BR near-label 
short-label 
regptr16 
memptr16 
far-label 
memptr32 
Conditional Branch 
BV short-label 
BNV short-label 
BC, BL short-label 
BNC, BNL short-label 
BE, BZ short-label 
BNE, BNZ short-label 
BNH short-label 
BH short-label 
BN short-label 
BP short-label 
BPE short-label 
BPO short-label 
BLT short-label 
BGE short-label 
BLE short-label 
BGT short-label 
DBNZNE - short-label 
DBNZE _ short-label 
DBNZ short-label 
BCWZ short-label 
BTCLR _ sfr,imm3, 
short-label 





Operation 


PC + PC + disp 
PC + PC + ext-disp8 
PC ¢ regptrié6 


PC < (memptr16) 


PS ¢ seg, PC < offset 


PS © (memptr32 + 2), 
PC © (memptr32) 


ifV=1,PC + PC + ext-disp8 
ifV=0,PC «+ PC + ext-disp8 

ifCY =1,PC + PC + ext-disp8 

if CY =0,PC + PC + ext-disp8 
ifZ=1,PC + PC + ext-disp8 
ifZ=0,PC + PC + ext-disp8 

if CY ORZ=1,PC — PC + ext-disp8 
if CY ORZ=0, PC + PC + ext-disp8 
ifS=1,PC + PC + ext-disp8 
ifS=0,PC < PC + ext-disp8 

ifP =1,PC + PC + ext-disp8 

ifP =0, PC + PC + ext-disp8 
ifSXORV=1,PC ¢ PC + ext-disp8 


_ if SXORV=0, PC < PC + ext-disp8 


if(SXOR V) ORZ = 1,PC + PC + ext-disp8 0 
if (SXOR V) ORZ = 0,PC + PC-+ ext-disp8 0 


CW + CW-1 


ifZ =O and CW «0, PC < PC + ext-disp8 


CW «+ CW-1 


ifZ= 1 and CW #0, PC + PC + ext-disp8 


CW «+ CW-1 
if CW #0,PC + PC + ext-disp8 
if CW = 0,PC + PC + ext-disp8 


if bit no. imms of (sfr) = 1, 
PC « PC + ext—disp8, 
bit no. imm3 or (sfr) < 0 


Operation Code 
7 6 5 4 3 2 
1 #1 #1 =~0 1°40 
+ 1 1 ~=«0 1.0 
1141 ¢«4 1 $1 
1 £1 4 «#90 0 
4. Tie 7 1 $1 
mod 1 0 0 
1 $141 «0 1 0 
14-14 47 1 °1 
mod 1 0 1 
oO 11 41 0 0 
o 11 41 0 0 
o 1141 0.0 
OO Fi i Me O16 
Gerd Ae: tO A 
O.. ty a Oe 
o 11 41 oO 1 
oO 1 1 41 oO 1 
o 11 1 1 0 
0 1 1 ~=1 1 0 
o 11 41 1 #0 
Oi 5b eas oe tt 0 
0 11 4 1 $1 
o 11 41 1 $1 
1161 1 1 
1 $161 1 1 
11 1 +40 0 O 
1 11 40 0 O 
1 #11 +40 0 60 
1 1 #0 0 0 
0000 14 
0 1 1641 


1 


-~{o {oO 


=—=fe[o{fo|{— 


o1o 


0 


—-~|]O1—-);/O};-|]°o oj;y-+joO 


oOo; |]Oo;-]°o° 


Bytes 


NIN IN INYOINTNIN IT NEN ITNINIT DOIN INIT DMI N 1M 


Flags 
AC CY V P § Z 
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Instruction Set (cont) 


Mnemonic Operand 


Interrupt 
BRK 3 
imm8s 
(#3) 
BRKV 
RETI 
RETRBI 
FINT 
CHKIND _ regi6, 
mem32 
CPU Control 
HALT 
STOP 
BUSLOCK 
FP01 fp-op 
(Note 1) 
fp-op, mem 
FP02 fp-op 
(Note 1) 
fp-op, mem 
Notes: 


Operation 


(SP-1,SP—2) + PSW, 
(SP-3, SP—4) + PS, 

(SP—5, SP—6) « PC, SP «+ SP-6, 
IE « 0, BRK « 0, 

PS + (15, 14), PC © (13, 12) 


(SP-—1, SP-—2) + PSW, 
(SP ~3, SP—4) < PS, 

(SP—5, SP—6) + PC, SP + SP-6, 
IE + 0, BRK «+ 0, 

PC + (nx4+ 1,nx4), 

PS + (Nnx4+3,nx4+ 2)n=imm8 


When V = 1 

(SP—1,SP—2) + PSW, 

(SP-3, SP—4) + PS, 

(SP—5, SP-6) + PC, SP « SP-6, 
IE + 0, BRK «+ 0, 

PS + (19, 18), PC + (17, 16) 


PC < (SP +1, SP), 

PS « (SP +3,SP + 2), 
PSW © (SP +5, SP + 4), 
SP —SP+6 


PC + Save PC, PSW + Save PSW 


Indicates that interrupt service routine 
to the interrupt controller built in the 
CPU has been completed 


When (mem32) > regi6 or 

(mem32 + 2) <regi6 
(SP—1,SP-—2) + PSW, 

(SP-3, SP—4) « PS, 

(SP-—5, SP—6) + PC, SP + SP-6, 
IE + 0, BRK « 0, 

PS | (23, 22),PC + (21, 20) 


CPU Halt 
CPU Halt 


Bus Lock Prefix 


No Operation 


data bus + (mem) 


No Operation 


databus < (mem) 


(1) Does not execute but does generate an interrupt. 


OoO/;]orfro]se 


mod 


Operation Code 


5 


o};]o};}o};o 


= 


<j/oj<}o 


< 


4 


reg 


<j 


<|o}<«jo|< 


3 


—i</[/-+;0o 


<|}/oj;j~/o|~x< 


2 


— 


KI INIT K TO 


mem 


a 


xINExX}TO 


mem 


= 


mem 


XINIK}O]O 


Bytes 





2-4 


2-4 


2-4 


Flags 


AC CY V P S$ Z 


R 


R R R RR 
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yPD70325 (V25 Plus) 
Instruction Set (cont) 
. Operation Code Flags 
Mnemonic Operand Operation 76 5 4 3 2 1 0 Bytes AC CY V P $§$ 2 
CPU Control (cont) 
POLL . Poll and Wait 20°04 ti Oo 1 
NOP No Operation 1 00 1 0 0 0 0 1 
Di 1E<+0 1 $414 «1 101 0 1 
El IE <1 1 $1 1 «1 101 1 1 
DSO; DS1; Segment Override Prefix 0 0 1 sreg 1 1 0 1 
PS;SS 
Register Bank Switching 
MOVSPA 0 0 0 0 1 $11 £=1 2 
0 0 1 #0 o 1 0 1 
BRKCS __ regi6 0 0 0 0 1 14 1 «1 3 
0 0 1 0 1 #1 0 1 
MOVSPB_regi6 0 00 0 1 #4 1 =«1 3 
100 1 0 10 1 
; Fie | 1 reg 
TSKSW i regi6 0 0 0 0 1 #144 «1 3 x x xX xX xX xX 
100 1 0 1 0 0 
1114 4 1 reg 
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NEC Electronics Inc. 


Description 


The »PD70335 (V35 Plus) is a high-performance, 16-bit 
single-chip microcomputer with a 16-bit external data 
bus. The n.PD70335 is fully software compatible with the 
p»PD70108/116 (V20®/V30®) as well as the »PD70320/330 
(V25™/V35™). The V35 Plus demonstrates numerous 
enhancements over the standard V35; however, it main- 
tains strict pin compatibility with its: predecessor, the 
V35. 


The V35 Plus offers improved DMA transfer rates (over 
5M bytes per second), additional serial channel status 
flags, improved memory access timing, and enhanced 
software control of register bank context switching. 


The »PD70335 has the same complement of internal 
peripherals as the V35, and maintains compatibility with 
existing drivers; however, some modification of the DMA 
drivers may be necessary. The »PD70335 does not offer 
on-chip ROM or EPROM. 


Features 


16-bit CPU and internal data paths 

16-bit non-multiplexed external data path 
Direct RAS/CAS DRAM interface 

Functional and pin compatibility with the V35 
Software compatible with 1«PD8086 

New and enhanced V-Series instructions 
Minimum instruction cycle 200 ns (at 10 MHz) 
6-byte prefetch queue 

Two-channel high-speed DMA controller 
Internal 256 bytes RAM memory 

One 1M-byte memory address space 

Eight internal memory-mapped register banks 


Oo 8 0 0 860 000 00 86 


V20 and V30 are registered trademarks of NEC Corporation. 
V25 and V35 are trademarks of NEC Corporation. 
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HPD70335 (V35 Plus) 

16-Bit Microcomputer: 
Advanced, High-Speed DMA, 
Single-Chip, CMOS 


© Four multifunction !/O ports 
— 8-bit analog comparator port 
— 20 bidirectional port lines 
— 4 input-only port lines 
O Two independent full-duplex serial channels 


© Priority interrupt controller 
— Standard vectored service 
— Register bank switching 
— Macroservice 


Pseudo-SRAM and DRAM refresh controller 
Two 16-bit timers 

On-chip time base counter 

Programmable wait state generator 

Two standby modes: STOP and HALT 


Oo 0 OF O DO 


Ordering Information 


Part Number Clock (MHz) Package 
#PD70335L-8 8 84-pin PLCC 
L-10 10 
Gu-8 8 94-pin plastic QFP 
GJ-10 ‘10 
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Pin Configuration 
84-Pin PLCC 


‘P07/CLKOUT 
Do 


Dy 


Do 
D3 
D4 


Ds. 


De 
D7 
Dg 
Dg 
Dio 


P17 /READY 
P1g/SCKO 
P15 /TOUT 
P14 /INT/POLL 
P13 /INTP2/INTAK 
Pio “NTP? 
P14 /INTPO 
P19 /NMI 

P27 /HLDRQ 
P26 /HLDAK 
P25 /TC1 

P24 /DMAAK1 
P23 /DMARQ1 


Cj 40 


Ayo/A4 TJ 33. 
Ayg/Ag UT 34 
Aya/Ag Of 35 
Ais5/A7 ( 36 
Aig/Ag CU 37: 
A17/Azg Uy 38 
P22/TCo L} 52 


Aig/UBE 
P29/DMARQO CI 48 
P2,/DMAAKO C] 51 


Notes: 


(1) Pin functions are identical to 4PD70330. 


(2) IC pins should be tied together and pulled up to Vpp witha 
10- to 20-kQ2 resistor. ; 


(3) EA must be tied low because .PD70335 does not support internal 
ROM or EPROM. 


(4) Pin 9 shouid be tied to GND through a pull-down resistor. 
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94-Pin Plastic QFP 


Aya/A4 
NC 
AigiAs 
Ai4/Ag 
A15/A7 
Aig/Ag 
A17/A18 
Aig 

A18 /UBE 
RxDO 
GND 
CTSO 
TxDO 
RxD1 
CTSs1 
TxD1 

P20 /DMARQO 


OoOOnN Dor WR = 





P21 /DMAAKO 
NC 
P22/TCO 


P25 /TC1 J 27 
P2g /HLDAK (J 28 
P27/HLDRQ (] 29 

Pig /NMI CJ 30 
P1, /INTPO CF 31 
Pio /INTP1 [4 32 

P1g /INTP2/INTAK LC} 33 
Piq AINT/POLL CJ 34 
P15 TOUT C 35 

Pig /SCKO [J 36 

Piz /READY L] 37 


P23 /DMARQ1 [4 25 
P24 /DMAAK1 C] 26 


Notes: 
(1) Pin functions are identical to 1.PD70330. 


(2) IC pins should be tied together and pulled up to Vpp witha 
10- to 20-kQ resistor. 


(3) EA must be tied low because LPD70335 does not support internal 
ROM or EPROM. 


(4) Pin 69 should be tied to GND through a pull-down resistor. 
83SL-6828B 
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Pin Identification 


Symbol 
AgAig 
CLKOUT 
CTSsO 


RxDO 
RxD1 
SCKO 
TCO 
TCT 
TOUT 
TxDO 
TxD1 
UBE 
x1, X2 


Function 

Address bus outputs 

System clock output 

Clear-to-send input, serial channel 0 
Clear-to-send input, serial channel 1 
Bidirectional data bus 

DMA acknowledge output, DMA controller channel 0 
DMA acknowledge output, DMA controller channel 1 
DMA request input, DMA controller channel 0 
DMA request input, DMA controller channel 1 
External memory access; fixed low for V35 Plus 
Hold acknowledge output 

Hold request input 

Interrupt request input 

Interrupt acknowledge output 

Interrupt request 0 input 

Interrupt request 1 input 

Interrupt request 2 input 

\/O read or write strobe output 

Memory request output 

Memory strobe output 

Nonmaskable interrupt request 

/O port 0 

/O port 1 

VO port 2 


Input on POLL synchronizes the CPU and external 
devices 


Comparator port input tines 

Ready signal input controls insertion of wait states 
DRAM refresh request output 

Reset signal input 

Read/write strobe output 

Receive data input, serial channel 0 

Receive data input, serial channel 1 

Serial clock output 

Terminal count output; DMA completion, channel 0 
Terminal count output; DMA completion, channel 1 
Timer output 

Transmit data output, seria! channel 0 

Transmit data output, serial channel 1 

Upper byte enable 


Connections to external frequency control source 
(crystal, ceramic resonator, or clock) 





Symbol Function 

Vpop +5-volt power source input (two pins) 

VtH Threshold voltage input to comparator circuits 
GND Ground reference (two pins) 

Ic Internal connection; must be tied to Vpp externally 


through a pullup resistor 


PIN FUNCTIONS | 
Ao-Aig (Address Bus) 


To support dynamic RAMs, the 20-bit address is multi- 
plexed on 11 lines. When MREQ is asserted, Ag-Ay7 are 
valid. When MSTB or JOSTB is asserted, Ay-Ag and Aig 
are valid. Aig is also multiplexed with UBE and is valid 
when MREQ is asserted. Therefore Ajg is active through- 
out the bus cycle. Ayg and Ag are not multiplexed but 
have dedicated pins and are valid throughout the bus 
cycle. 











CLKOUT (Clock Out) 


The system clock (CLK) is distributed from the internal 
clock generator to the CPU and output to peripheral 
hardware at the CLKOUT pin. 


CTSO (Clear-to-Send 0) 


This is the CTS pin of the channel 0 serial interface. In 
asynchronous mode, a low-level input on CTSO enables 
transmit operation. In I/O interface mode, CTSO is the 
receive clock pin. 





CTS1 (Clear-to-Send 1) 


This is the CTS pin of the channel 1 serial interface. In 
asynchronous mode, a low-level input on CTS1 enables 
transmit operation. 


Do-Di5 (Data Bus) 
Do-Dis is the 16-bit data bus. 


DMAAKO and DMAAK1 (DMA Acknowledge) 


These are the DMA acknowledge outputs of the DMA 
controller, channels 0 and 1. Signals are not output 
during DMA memory-to-memory transfer operations 
(burst mode, single-step mode). 


DMARGO and DMARG1 (DMA Request) 


These are the DMA request inputs of the DMA controller, 
channels 0 and 1. 
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EA (External Access) 


This pin must be externally fixed low. Since the 
#PD70335 has no internal ROM, this will force execution 
of program code from external memory instead of inter- 
nal ROM. 


HLDAK (Hold Acknowledge) 


The HLDAK output signal indicates that the hold request 
(HLDRQ) has been accepted. When HLDAK is active 
(low), the following lines go to the high-impedance state 
with internal 4700-2 pullup resistors: Ag-Ayg, Do-D7, 
IOSTB, MREQ, MSTB, REFRQ, and R/W. 





HLDRQ (Hold Request) 


The HLDRQ input from an external device requests that 
the »PD70335 relinquish the address, data, and control 
buses to an external bus master. 


INT (interrupt) 


The INT input is a vectored interrupt request from an 
external device that can be masked by software. The 
active high level is detected in the last clock cycle of an 
instruction. The external device confirms that the INT 
interrupt request has been accepted by the INTAK signal 
output from the CPU. 


The INT signal must be held high until the first INTAK 
signal is output. Together with INTAK, INT is used for 
operation with an interrupt controller such as n.PD71059. 





INTAK (Interrupt Acknowledge) 


The INTAK output is the acknowledge signal for the 
software-maskable interrupt request INT. The INTAK sig- 
nal goes low when the CPU accepts INT. The external 
device inputs the interrupt vector to the CPU via data 
bus Do-D7 in synchronization with INTAK. 











INTPO, INTP1, INTP2 (Interrupt from Peripheral 0, 
1, 2) 


The INTPn inputs (n 
requests that can be masked by software. The INTPn 
input is detected at the effective edge specified by 
external interrupt mode register INTM. 





The INTPn inputs can be used to release the HALT mode. 


IOSTB (I/O Strobe) 


A low-level output on IOSTB indicates that the I/O bus 
cycle has been initiated and that the I/O address output 
on Ap-Ajs is valid. 


= 0, 1, 2) are external interrupt 
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MREQ (Memory Request) 


Alow-level output on MREQ indicates that the memory or 
I/O bus cycle has started and that address bits Apo, 
Ag-A17, Aig and Ajo are valid. 





MSTB (Memory Strobe) 


Together with MREQ and R/W, MSTB controls memory- 
accessing operations. MSTB should be used either to 
enable data buffers or as a data strobe. During memory 
write, a low-level output on MSTB indicates that data on 
the data bus is valid and that multiplexed address bits 
A1-Ag, Aig and UBE are valid. 








NMI (Nonmaskable Interrupt) 


The NMI input is an interrupt request that cannot be 
masked by software. The NMI is always accepted by the 
CPU; therefore, it has priority over any other interrupt. 


The NMI input is detected at the effective edge specified 
by external interrupt mode register INTM. Sampled in 
each clock cycle, NMI is accepted when the active level 
lasts for several clock cycles. When the NMI is accepted, 
a number 2 vector interrupt is generated after comple- 
tion of the instruction currently being executed. 


The NMI input is also used to release the CPU standby 
mode. 


P0p-P07 (Port 0) 
Port 0 is an 8-bit bidirectional I/O port. 


P1o-P17 (Port 1) 


Lines P14-P17 are individually programmable as an input, 
output, or control function. The status of P1o- P13 can be 
read but these lines are always control functions. 


P2o9-P27 (Port 2) 


P2p9-P27 are the lines of port 2, an 8-bit bidirectional 1/O 
port. These lines can also be used as control signals for 
the on-chip DMA controllers. 


POLL (Poll) 


The POLL input is checked by the POLL instruction. If 
the level is low, execution of the next instruction is 
initiated. lf the level is high, the POLL input is checked 
every five clock cycles until the level becomes low. The 
POLL functions are used to synchronize the CPU pro- 
gram and the operation of external devices. 











pPD70335 (V35 Plus) 


Note: POLL is effective when P1, is specified for the input — 
port mode; otherwise, POLL is assumed to be at low 
level when the POLL instruction is executed. 





PTO-PT7 (Port with Comparator) 


The threshold port (PT) comprises 8 independent input 
bits, each of which is compared with a threshold voltage 
programmable to one of 16 voltage steps. 


READY (Ready) 


After READY is de-asserted low, the CPU will synchro- 
nize and insert wait states into a read or write cycle to 
memory or I/O. This allows the processor to accommo- 
date devices whose access times are longer than normal 
execution allows. Use of the READY pin is controlled by 
the WTC register. 


REFRQ (Refresh Request) 


This output pulse can refresh nonstatic RAM. It can be 
programmed to meet system specifications and is inter- 
nally synchronized so that refresh cycles do not interfere 
with normal CPU operation. REFRQ also signals that 
Ao-Ag contain a valid row address. 


RESET (Reset) 


This input signal is asynchronous. A low on RESET for 
the specified duration resets the CPU and all on-chip 
peripherals regardless of clock operation. The reset 
operation has priority over all other operations. 





The reset signal is used for normal initialization/startup 
and also for releasing the STOP or HALT mode. After the 
reset signal returns high, program execution begins 
from address FFFFOH. 


R/W (Read/Write Strobe) 


When an external bus cycle is initiated, the R/W signal 
output to external hardware indicates a read (high-level) 
or write (low-level) cycle. It can also control the direction 
of bidirectional buffers. 


RxD0, RxD1 (Receive Data 0, 1) 
These pins input data to serial channels 0 and 1. 


In the asynchronous mode, when receive operation is 
enabled, a low level on the RxDO or RxD1 input pin is 
recognized as the start bit and receive operation is 
initiated. 


In the I/O interface mode (channel 0 only), receive data is 
input to the serial register at the rising edge of the 
receive clock. 
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SCKO (Serial Clock) 


The SCKO output is the transmit clock of serial channel 
0. a 


TCO, TC1 (Terminal Count 0, 1) 


The TCO and TCi outputs go low when the terminal 
count of DMA service channels 0 and 1, maspectively, 
reach zero, indicating DMA completion. - 


TOUT (Timer Output) 


The TOUT signal is a square-wave output from the 
internal timer unit zero. 


TxDO, TxD1 (Transmit Data 0, 1) 
These pins output data from serial channels 0 and 1. 


In the asynchronous mode, the transmit signal is in a 
frame format that consists of a start bit, 7 or 8 data bits 
(least significant bit first), parity bit, and stop bit. The 
TxDO and TxD1 pins become mark state (high level) 
when transmit operation is disabled or when the serial 
transmitter is idle. 


In the I/O interface mode (channel 0 only), the frame has 
8 data bits and the most significant bit is transmitted 
first. 


UBE (Upper Byte Enable) 


UBE is a high-order memory bank selection signal out- 
put. UBE and Ao determine which bytes of the data bus 
will be used. UBE is used with Ag to select the even/odd 
banks as follows. 


‘ Number of Bus Cycles 


Operand UBE Ao 

Even address word 0 . 0 1 

Odd address word 0 1 2 
1 0 

Even address byte 1 0 1 

Odd address byte 0 1 1 


X1, X2 (Clock Control) 


The frequency of the internal clock generator is con- 
trolled by an external. crystal or ceramic resonator 
connected across pins X1 and X2. The crystal frequency 
is the same as the clock generator frequency fy. By 
programming the PRC register, the system clock fre- 
quency fc is selected as fy divided by 2, 4, or 8. 


NY; EK Cc MPD70335 (V35 Plus) 


As an alternative to the crystal or ceramic resonator, the threshold each comparator input is tested against is 
positive and negative phases of an external clock (with programmable to Vry x n/16 where n = 1 to 16. 
frequency fx) can be connected to pins X1 and X2. 

GND (Ground) 


Vpp (Power Supply) Ground reference (multiple pins). 


+5-volt power source (two pins). ; 
IC (Internal Connection) 


reshold Volt 
Vru (Th - old Voltage) Internal connection; must be tied to Vpp externally 


Comparator port PTO-PT7 uses threshold voltage V74to through a 10-kQ to 20-kQ resistor. 
determine the analog reference points. The actual. 


»PD70335 Block Diagram 


yoye7 Bu6eisg 
yore] Bubeis 


P29 /DMARQO —P 


Serial 


Interface Internal ROM _ 
8K Bytes 


91607 joqUeED sng 


(Reserved) POLL/INT/P14 


Channel 


P14 /INTPO Instruction Decoder 


P1o/INTP1 Programmable Micro Sequencer 


Interrupt 
P1g /AINTP2/ Controller Monee 


INTAK 
P14 /INT/ 
POLL 


Time Base Port with Clock 
P2 ee og 


Pig TOUT REFRQ PO7/CLKOUT PO P1 U PT?) VTH 


Notes: 


(1) The 4.PD70335 (V35 Plus) is nota masked ROM product. 
internal ROM is reserved and not accessible. 


(2) Shaded blocks are modified from the standard V35. 
83YL-6989B 
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FUNCTIONAL DESCRIPTION 
Architectural Enhancements 


The following features enable the n.PD70335 to perform 
high-speed execution of instructions. 


® Dual data bus 

@ 16-/32-bit temporary registers/shifters Ay TB, TA + 
TB) 

@ 16-bit loop counter (LC) 

@ Program counter (PC) and prefetch pointer (PFP) 

@ Internal ROM pass bus 


Dual Data Bus. The »PD70335 has two internal 16-bit 
data buses: the main data bus and a subdata bus. This 
reduces the processing time required for addition/ 
subtraction and logical comparison instructions by one- 
third over single-bus systems. The dual data bus method 
allows two operands to be fetched simultaneously from 
general-purpose registers and transferred to the ALU. 


16-/32-Bit Temporary Registers/Shifters. The 16-bit 
temporary registers/shifters (TA, TB) allow high-speed 
execution of multiplication/division and _ shift/rotation 
instructions. By using the temporary registers/ 
shifters,the »PD70335 can execute multiplication/ 
division instructions about four times faster than with 
the microprogramming method. 


Loop Counter (LC). The dedicated hardware loop 
counter counts the number of loops for string operations 
and the number of shifts performed for multiple bit shift/ 
rotation instructions. The loop counter works with inter- 
nal dedicated shifters to speed the processing of 
multiplication/division instructions. 


Program Counter and Prefetch Pointer (PC and PFP). 
The hardware PC addresses the memory location of the 
instruction to be executed next. The hardware PFP 
addresses the program memory location to be accessed 
next. Several clocks are saved for branch, call, return, 
and break instructions compared with processors hav- 
ing only one instruction pointer. 


Register Set 
The »PD70335 CPU has a general-purpose register set 


compatible with the »PD70108/70116, the »PD70320/ - 


70322, and »PD70330/70332 microprocessors. Like the 
»PD70320/70322 and »PD70330/70332, it also has a set 
of special function registers for controlling the on-board 
peripherals. All registers reside in the CPU’s memory 
space. They are grouped in a 512-byte block called the 
internal data area (IDA). The 256-byte internal RAM is 
also in the IDA. The addresses of the register are given as 
offsets into the IDA. The start address of the IDA is set by 
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the Internal Data Area Base register (IDB), and may be 
programmed to.any 4K boundary i inthe EO address 
space. 


Register Banks. Because the sais register 
set is in internal RAM, it is possible to have multiple 
banks of registers. The »PD70335 CPU supports up to 8 
register banks. A bit field in the PSW selects which bank 
is currently being used. Each bank contains the entire 
CPU register set plus additional information needed for 
context switching. Register banks may be switched 
using special instructions (TSKSW, BRKCS, MOVSPA, 
MOVSPB), or may switch in response to an interrupt. 
This provides fast context switching and fast interrupt 
handling. During and after RESET, register bank 7 is 


- selected. 


Figure 1 shows the configuration of a register bank and 
how the banks are mapped to internal RAM. The Vector 
PC field contains the value that will be loaded into the 
PC when a register bank switch occurs. The PC Save and 
PSW Save fields contain the values of the PC and the 
PSW just before the banks are switched. The PSW is left 
unmodified after a bank switch; the PSW Save field is 
used to restore the PSW to its previous state upon 
termination of the context switch. 


General-Purpose Registers (AW, BW, CW, DW). These 
four 16-bit general-purpose registers can also Serve as 
independent 8-bit registers (AH, AL, BH, BL, CH, CL, 
DH, DL). The instructions below use general-purpose 
registers for default: 


AW Word multiplication/division, word 1/O, data 
conversion 

AL Byte multiplication/division, byte 1/O, BCD 
rotation, data conversion, translation 

AH Byte multiplication/division 

BW _ Translation 

CW _ Loop control branch, repeat prefix 

CL Shift instructions, rotation instructions, BCD 
operations 

DW Word multiplication/division, indirect address- 
ing /O 
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Figure 1. Register Bank Configuration Pointers (SP, BP) and Index Registers (IX, IY). These 
registers are used as 16-bit base pointers or index 
Eight 32-Byte registers in based addressing, indexed addressing, and 
Register Banks based-indexed addressing. The registers are used as 
ap 0 default registers under the following conditions: 


XxEFFH Register Bank 
xxEEOH 7 


SP _ Stack operations 
IX Block transfer (source), BCD string operations 


Pee IY Block transfer (destination), BCD string 
xxEAOH operations 
xxE80H Banks 0-7 Segment Registers. The segment registers divide the 


1M-byte address space into 64K-byte blocks. Each seg- 
ment register functions as a base address to a block; the 
effective address is an offset from that base. Physical 
addresses are generated by shifting the associated seg- 
‘ment register left four binary digits and then adding the 


xxE40H 


xxE20H 





xxE00H effective address. The segment registers are: 
gpecilied by IDB pagiater Segment Register Default Offset 
PS (Program segment) PC 
32-Byte SS (Stack segment) SP, Effective address 
Register Bank DSO (Data segment-0) IX, Effective address de 
DS1 (Data segment-1) lY, Effective address 


pe AWE 
During RESET, PS is set to FFFFH; DSO, DS1 and SS are 
set to OOOOH. 


Program Counter (PC). The PC is a 16-bit binary 
a counter that contains the offset address from the pro- 
gram segment of the next instruction to be executed. It 
is incremented every time an instruction is received from 


| RP the queue. It is loaded with a new location whenever a 
branch, call, return, break, or interrupt is executed. 
i. ae During RESET, PC is set to 0000H. 


Program Status Word (PSW). The PSW contains the 
following status and control flags. 


15 PSW 8 


Cee [ret Tree [vom [ie [a] 
7 0 
De te [a [ele [? [olor 


: ; 
Status Flags Control Flags 
V_ Overflow bit DIR _ Direction of string 
oe heat 
IE Interrupt enable 


Z Zero 


15 0 
PAH TAL 
See Wet 
CHT 
eee eae 
a ee eee ees, 
BH |B 
iY 
" DSs1 
pso 


Offset from register bank 





start address AC Auxiliary carry BRK Break (after every 
83YL-004643A P Parity instruction) 
CY Carry RBn Current register 


bank flags 
BRKI /O trap enable 


FO,F1 General-purpose 
user flags 
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The eight low-order bits of the PSW can be stored inthe 
AH register and restored by a MOV instruction. The only 
way to alter the RBn bits via software is to execute an 
RETRBI or RETI instruction. During RESET, PSW is set to 
FO02H. The FO and F1 flags may be accessed as bits in 
the FLAG special functioning register. 


Functional Comparison 


The »PD70335 (V35 Plus) is built around the same core 
and contains the same peripherals as the »PD70325 
(V25 Plus) as well as the »PD70330 (V35). The primary 
difference between the V35 and V25 is confined to the 
external bus interface and bus control logic. While V25 
and V25 Plus are designed with an 8-bit external inter- 
face, V35 and V35 Plus provide the full 16-bit external 
data path. 


The uPD70335 provides a direct DRAM style bus inter- 
face. This interface is obtained by multiplexing the 20 
address lines in row/column fashion and also providing a 
non-multiplexed 16-bit external data bus. The resulting 
nominal bus cycle is three CLOCKOUT states. During the 
first bus state, the address lines output the nan 9 bits of 
the physical address: Ag to Aj7. 


During the second bus state, the address lines output the 
low address bits: A; to Ag. Address lines Ag and Aig are 
not multiplexed and are valid during the entire bus cycle. 
The final address line (A18) is multiplexed with the Upper 
Byte Enable signal (UBE) and is valid as an address 
during bus state one. During. 16-bit transfers to odd 
addresses (UBE = 0 and Ap = 1), two bus cycles are 
performed; each cycle transfers eight bits. 


Typically, the MREQ signal is used-to generate the DRAM 
RAS contro! signal, and the MSTB signal is used to 
generate the CAS signal. Like the V35, the V35 Plus 
provides a refresh output from the internal refresh con- 
trol unit, which is typically gated into the-DRAM RAS 
signal. 


As a result of this memory access scheme, the clock 
cycle counts for instruction execution on the V35 Plus 
are different from the V25 Plus. 


Another V35 Plus difference is the operation of the 
READY input pin. This pin is sampled in the middle of the 
second bus cycle (BAW1) on the V25 Plus, whereas the 
V35 samples one clock period later in the middle of 
BAW2. 
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Other than these bus controller differences, the V35 Plus 
is identical to the V25 Plus in its operation. All internal 
peripherals are programmed and operate in the same 
manner as those of the V25 Plus. The instruction sets of 
the two processors are identical, and internally both 
processors operate on 16-bit data paths. 





INSTRUCTIONS 


The »PD70335 instruction set is fully upward compatible 
with the V20..native mode instruction set. The V20 
instruction set is a superset of the »PD8086/8088 in- 
struction set with different execution times and mne- 
monics. 


The »PD70335 does not support the V20 8080 emulation 
mode. All of the instructions pertaining to this have been 
deleted from the »PD70335 instruction set. - 


Enhanced Instructions: | 


In addition: to the pPD8086/88 instructions, the 
p»PD70335 has the following enhanced instructions. 


‘Instruction Function 

PUSH imm Pushes immediate data onto stack 

PUSH R Pushes eight general registers onto 
stack 

POP R Pops eight general registers from 
stack 

MUL imm Executes 16-bit multiply of register or 
memory contents by immediate data 

SHL imm8s Shifts/rotates register or memory by 

SHR imms immediate value 

SHRA imms 

ROL imms 

ROR imms 

ROLC imms 

RORC imms 

CHKIND Checks array index against 
designated boundaries 

-INM Moves a string from an I/O port to 
memory . 

OUTM Moves a string from memory to an 1/O 
port 

PREPARE Allocates an area for a stack frame 
and copies previous frame pointers 

DISPOSE _ Frees the current stack frame on a 


procedure exit 
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Unique Instructions 
The »PD70335 has the following unique instructions. 


Instruction Function 
INS Inserts bit field 


EXT Extracts bit field 

ADD4S ~ Performs packed BCD string addition 
SUB4S Performs packed BCD string subtraction 
CMP4S Performs packed BCD string comparison 
ROL4 Rotates BCD digit left 

ROR4 Rotates BCD digit right 

TEST1 Tests bit 

SET1 Sets bit 

CLR1 Clears bit 

NOT1 Complements bit 

REPC Repeat while carry set 

REPNC Repeat while carry cleared 


Variable Length Bit Field Operation Instructions 


Bit fields are a variable length data structure that can 
range in length from 1 to 16 bits. The »«PD70335 supports 
two separate operations on bit fields: insertion (INS) and 
extraction (EXT). There are no restrictions on the posi- 
tion of the bit field in memory. Separate segment, byte 
offset, and bit offset registers are used for insertion and 
extraction. Following the execution of these instruc- 


Figure 2. Bit Field Insertion 


Bit length 





tions, both the byte offset and bit offset are left pointing 
to the start of the next bit field, ready for the next 
operation. Bit field operation instructions are powerful 
and flexible and are therefore highly effective for graph- 
ics, high-level languages, and packing/unpacking appli- 
cations. 


Bit field insertion copies the bit field of specified length 
from the AW register to the bit field addressed by 
DS1:IY:reg8 (8-bit general-purpose register). The bit field 
length can be located in any byte register or supplied as 
immediate data. Following execution, both the lY and 
reg8 are updated to point to the start of the next bit field. 


Bit field extraction copies the bit field of specified length 
from the bit field addressed by DSO:IX:reg8 to the AW 
register. If the length of the bit field is less than 16 bits, 
the bit field is right justified with a zero fill. The bit field 
length can be located in any byte register or supplied as 
immediate data. Following execution, both IX and reg8 
are updated to point to the start of the next bit field. 


Figures 2 and 3 show bit field insertion and bit field 
extraction. 


Packed BCD Instructions 


Packed BCD instructions process packed BCD data 
either as strings (ADD4S, SUB4S, CMP4S) or byte for- 
mat operands (ROR4, ROL4). Packed BCD strings may 
be 1 to 254 digits in length. The two BCD rotation 
instructions perform rotation of a single BCD digit in the 
lower half of the AL register through the eer G or the 
memory operand. 


Byte offset (IY) 


Segment base (DS1) 
83-000106B 


Byte boundary 
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Figure 3. Bit Field Extraction 





Bit length 
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- The »PD70335 has five unique bit manipulation instruc- 
tions. The ability to test, set, clear, or complement a 
single bit in a register or memory operand increases 
code readability as well as performance over the logical 
operations traditionally used to manipulate bit data. This 
feature further enhances control over on-chip peripher- 
als. 


Additional Instructions 


Besides the V20 instruction set, the »PD70335 has the 
following four additional instructions. - 


Instruction Function 

BTCLR sfr imm3 Bit test and if true, clear and 

short label branch; otherwise, no operation 
STOP Power down instruction, stops 

(no operand) oscillator 

RETRBI Return from register bank context 
(no operand) switch interrupt 

FINT Finished interrupt. After completion 


(no operand) of a hardware interrupt request, 
this instruction must be used to 
reset the current priority bit in the 


in-service priority register (ISPR).* 


*Do not use with NMI or INTR interrupt service routines. 


Repeat Prefixes 


Two new repeat prefixes (REPC, REPNC) allow con 
ditional block transfer instructions to use the state of the 
CY flag as the termination condition. This allows inequal- 
ities to be used when working on ordered data, thus 
increasing performance when searching and sorting 
algorithms. 
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Bit Manipulation Instructions 


Bit offset Byte offset (IX) 








Byte boundary Segment base (DSO) 


83-000107B 


Bank Switch Instructions 


The V35 Plus has the following four instructions that 
allow the effective use of the register banks for software 
interrupts and multitasking. Also, see figures 7 and 9. 


Instruction 
BRKCS 
reg 16 


Function 

Performs a high-speed software 

interrupt with context switch to the 

register bank indicated by the lower 
'. 3-bits of reg 16. This operation is 

identical to the interrupt operation 

shown in figure 9. 


Performs a high-speed task switch to 
the register bank indicated by the 
lower 3-bits of reg 16. The PC and PSW 
are saved in the old banks. PC and . 
PSW save registers and the new PC | 
and PSW values are retrieved from the 
new register bank’s save areas. See 
figure 10. 


Transfers both the SS and SP of the 
old register bank to the new register 
bank after the bank has been switched 
by an interrupt or BRKCS instruction. 


Transfers the SS and the SP of the 
current register bank before the switch 
to the SS and SP of the new register 
bank indicated by the lower 3-bits of 
reg 16. 


TSKSW 
reg 16 


MOVSPA 


MOVSPB 


INTERRUPT STRUCTURE 


The »PD70335 can service interrupts generated both by 
hardware and by software. Software interrupts are ser- 
viced through vectored interrupt processing. See table 1 
for the various types of software interrupts. 
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Table 1. Software Interrupts 


Interrupt _ Description 

Divide error The CPU will trap if a divide error occurs as the 
result of a DIV or DIVU instruction. 

Single step The interrupt is generated after every 
instruction if the BRK bit in the PSW is set. 

Overflow By using the BRKV instruction, an interrupt can 
be generated as the result of an overflow. 

Interrupt The BRK 3 and BRK imm8& instructions can 


instructions generate interrupts. 


Array bounds The CHKIND instruction will generate an 
interrupt if specified array bounds have been 


exceeded. 


Escape trap The CPU will trap on an FPO}, 2 instruction to 
allow software to emulate the floating point 


processor. 


If the I/O trap bit in the PSW is cleared, a trap 
will be generated on every IN or OUT 
instruction. Software can then provide an 
updated peripheral address. This feature allows 
software interchangeability between different 
systems. 


/O trap 





When executing software written for another system, it 
is better to implement I/O with on-chip peripherals to 
reduce external hardware requirements. However, since 
p#PD70335 internal peripherals are memory mapped, 
software conversion could be difficult. The I/O trap 
feature allows easy conversion from external peripherals 
to on-chip peripherals. 


Interrupt Vectors 


The starting address of the interrupt processing routines 
may be obtained from table 2. The table begins at 
physical address 00H, which is outside the internal ROM 
space. Therefore, external memory is required to service 
these routines. By servicing interrupts via the macro 
service function or context switching, this requirement 
can be eliminated. 


Each interrupt vector is four bytes wide. To service a 
vectored interrupt, the lower addressed word is trans- 
ferred to the PC and the upper word to the PS. See figure 
4. 


Figure 4. 


Table 2. 
Address Vector No. 
00 0 
04 1 
08 2 
oc 3 
10 4 
14 5 
18 6 
1C Wing 
20-2C 8-11 
30 12 
34 13 
38 14 
3C 15 
40 16 
44 17 
48 18 
4c 19 
50 20 
54 21 
58 22 
5C 23 
60 24 
64 25 
68 26 
6C 27 
70 28 
74 29 
78 30 
7¢ 31 


080-3FF 32-255 





interrupt Vector 


PS <— (003H, 002H) 
PC < (001H, 000H) 


83-000112A 


interrupt Vectors 


Assigned Use 


Divide error 

Break flag 

NMI 

BRK instruction 
BRKV instruction 
CHKIND instruction 


General purpose 





FPO instructions 

General purpose 

INTSERO {interrupt serial error, channel 0) 
INTSRO (Interrupt serial receive, channel 0) 
INTSTO (Interrupt serial transmit, channet 0) 
General purpose 

INTSER1 (Interrupt serial error, channel 1) 
INTSRi (Interrupt serial receive, channel 1) 
INTST1 (Interrupt serial transmit, channel 1) 
1/O trap 
INTDO (Interrupt from DMA, channel 0) 
INTD1 (Interrupt from DMA, channel 1) 
General purpose 

General purpose 

INTPO (Interrupt from peripheral 0) 

INTP1 (Interrupt from peripheral 1) 

INTP2 (Interrupt from peripheral 2) 
General purpose 

INTTUO (Interrupt from timer unit 0) 
INTTU1 (Interrupt from timer unit 1) 
INTTU2 (Interrupt from timer unit 2) 

INTTB (Interrupt from time base counter) 


General purpose 
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Execution of a vectored interrupt occurs as follows: - 
(SP-1, SP-2) <- PSW 
(SP-3, SP-4) < PS 
(SP-5, SP-6) <- PC 
SP < SP-6 
IE < 0, BRK <0 
PS < vector high bytes 
PC < vector low bytes 


Hardware Interrupt Configuration 


The V35 Plus features a high-performance on-chip con- 
troller capable of controlling multiple processing for 
interrupts from up to 17 different sources (5 external, 12 
internal). The interrupt configuration includes system 
interrupts that are functionally compatible with those of 
the V20/V30 and unique high-performance microcontrol- 
ler interrupts. 


Interrupt Sources 


The interrupt sources on the V35 Plus are similar to those 
! onthe V35. The 17 interrupt sources (table 3) are divided 
into groups for management by the interrupt controller. 
Using software, each of the groups can be assigned a 
priority from. 0 (highest) to 7 (lowest). The priority of 
individual interrupts within a group is fixed in hardware. 


The ISPR is an 8-bit SFR; bits PRo-PR7 correspond to the 
eight possible interrupt request priorities. The ISPR 
keeps track of the priority of the interrupt currently being 
serviced by setting the appropriate bit. The address of 
the ISPR is XXFFCH. The ISPR format is shown below. 


| PRr | PRe | PRs | PRs | PRo | PRe | PR1 | PRo_| 


NMI and INT are system-type external vectored inter- 
rupts. NMI is not maskable via software. INTR is mask- 
able (IE bit in PSW) and requires that an external device 
provide the interrupt vector number. It allows expansion 
by the addition of an external interrupt controller 
(uPD71059). 


NMI, INTPO, and INTP1 are edge-sensitive maskable 
interrupt inputs. By selecting the appropriate bits in the 
interrupt mode register, these inputs can be pro- 
grammed. to be either rising or falling edge triggered. 
ESO-ES2 correspond to INTPO-INTP2, respectively. See 
figure 5. ' 
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Figure 5. External interrupt Mode Register (INTM) 


ee 


ES2 INTP2 Input Effective Edge 
0 Falling edge 
1 Rising edge 
ES1 INTP1 Input Effective Edge 
0 Falling edge 
1 Rising edge 
ESO INTPO Input Effective Edge 
0 Falling edge 
1 Rising edge 
ESNMI NMI Input Effective Edge 
0 Falling edge 
1 : Rising edge 


Interrupt Factor Register 


The primary enhancement of the V35 Plus interrupt 
control unit is the addition of a special function register 
that stores the vector type that last caused an interrupt. 
This IRQS register (figure 5A) stores the vector until the 
next interrupt request is accepted, but is not changed by 
response to NMI, INT, or macroservice interrupts. 


The main purpose of the IRQS register is to allow several 
interrupts within a given priority level to be serviced with 
context switching. Once the interrupt service routine is 
executing, the cause of the interrupt can be determined 
only by reading this register, rather than by long and 
time-consuming software determination. It is recom- 


-mended that the contents of the IRQS register be read 


before interrupts are re-enabled to avoid confusion 
within multiprocessing environments. 
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Figure 5A. Interrupt Factor Register (IRQS) 


PO OP oe | Interrupt Vector Interrupt Factor Interrupt Vector 


7 5 4 0 INTP1 19H 
Interrupt Factor Interrupt Vector INTR2 1AH 
“INTTUO....———C— MICH INTSERO OCH 
“INTTU)t~<“t‘i‘;SOIDLAR INTSRO ODH 
“INTTUZt—<“<it~=‘iti‘;<;7T OO!!!” INTSTO 0EH 

INTDO 14H INTSER1 10H 
NiDID aR :~*«‘C*‘*dINT SAA 11H 
“INTPO.O™O™~CStSS SABA INTST1 12H 

INTTB 1FH 


Table 3. Interrupt Sources 
Priority Order 


Multiple 
External/ Macro Bank Setting Between Within Processing 
Interrupt Source Internal Vector Service Switching Possible Groups Groups Control 
NMI External 2 No No No 0 _ Not accepted 
Nonmaskable interrupt 
INTTUO Internal 28 Yes Yes Yes 1 1 Accepted. 
Interrupt from timer unit 0 
INTTU1 Intérnal 29 Yes Yes Yes 1 2 
Interrupt from timer unit 1 
INTTU2 Internal 30 Yes -—s Yes Yes 1: 3 
Interrupt from timer unit 2 
INTDO Internal 20 No Yes Yes 2 1 Accepted © 
Interrupt from DMA channel 0 
INTD1 Internal 21 No Yes Yes 2 2 
Interrupt from DMA channel 4 
INTPO External 24 ' Yes Yes Yes 3 1 Accepted 
Interrupt from peripheral 0 
INTP1 External 25 Yes Yes Yes 3 2 
Interrupt from peripheral 1 
INTP2 External 26 Yes Yes Yes 3 3 
Interrupt from peripheral 2 
INTSERO Internal 12 No Yes Yes 4 1 Accepted 
Interrupt from serial error on 
channel 0 
INTSRO Internal 13. Yes Yes Yes 4 2 
Interrupt from serial receiver of 
channel 0 : 
INTSTO Internal 14 Yes Yes Yes 4 3 
Interrupt from serial transmitter 
of channel 0 
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Table 3. Interrupt Sources (cont) 


NEC 


Priority Order 


Multiple 
External/ Macro Bank Setting Between Within Processing 
Interrupt Source Internal Vector Service Switching Possible Groups Groups Control 
INTSER1 internal 16 No Yes Yes 5 1 Accepted 
Interrupt from serial 
error on channel 1 
INTSR1 Internal 17 Yes Yes Yes 5 2 
Interrupt from serial receiver of 
channel 1 
INTST1 Internal 18 Yes Yes Yes 5 3 
Interrupt from serial transmitter 
of channel 1 
INTTB Internal 31 No No No 6 _ Accepted 
Interrupt from time base counter (preset 
to 7) 

INT External Ext No No No 7 _ Not accepted 
Interrupt input 


Interrupt Processing Modes 


Interrupts, with the exception of NMI, INT, and INTTB, 
have high-performance capability and can be processed 


in any of three modes: standard vectored interrupt, . 


register bank context switching, or macro service func- 
tion. The processing mode for a given interrupt can be 
chosen by enabling the appropriate bits in the corre- 
sponding interrupt request contro! register. As shown in 
table 3, each individual interrupt, with the exception of 
INTR and NMI, has its own associated IRC register. The 
format for all IRC registers is shown in figure 6. 


All interrupt processing routines other than those for 
NMI and INT must end with the execution of an FINT 
instruction. Otherwise, subsequently, only interrupts of a 
higher priority will be accepted. FINT allows the internal 
interrupt controller to reset the highest priority bit set in 
the ISPR register. 


in the vectored interrupt mode, the CPU traps to the 
vector location in the interrupt vector table. 
Register Bank Switching 


Register bank context switching allows interrupts to be 
processed rapidly by switching register banks. After an 
interrupt, the new register bank selected is that which 
has the same register bank number (0-7) as the priority 
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of the interrupt to be serviced. The PC and PSW are 
automatically stored in the save areas of the new register 
bank and the address of the interrupt routine is loaded 
from the vector PC storage location in the new register 
bank: As in the vectored mode, the IE and BRK bits in the 
PSW are cleared to zero. 


After interrupt processing, execution of the RETRBI 
(return from register bank interrupt) returns control to 
the former register bank and restores the former PC and 
PSW Figures 7 and 8 show register bank context switch- 
ing and register bank return. Figure 9 shows software- 
initiated task switching. 


Specific IRC registers include the following. 


Symbol IRC Register 
DICO, DIC1 DMA 
EXICO-EXIC2 External 
SEICO, SEIC1 _—_ Serial error 
SRICO, SRIC1 —— Serial receive 
STICO, STIC1 Serial transmit 
TMICO-TMiC2 Timer 
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Figure 6. Interrupt Request Control Registers Figure 8 Register Bank Return 

















(IRC) 
RBi RBj 
MSANTIENCS| 0 | PRe | PR1 | PRo_ 
; : 
) 
IF Interrupt Fla 
0 No interrupt request generated 
1 Interrupt request generated 
0 Open (interrupts enabled) 
1 Closed (interrupts disabled) fl. . SBP | ee 
MS/INT Interrupt Response Method 
0 Vector interrupt or register bank switching 
1 Macroservice function 
ENCS Register Bank Switching Function | pst | 
on eae 
PRo-PRo Interrupt Group Priority (0-7) Yee 
200 Highest (0) | pe 
[sae ro 
S PC S PC 
111 Lowest (7) nik 


Figure 7. Register Bank Context Switching 
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Figure 9. Task Switching 


Current 


New 


RB Register bank 


field 





MACROSERVICE FUNCTION 


The macroservice function (MSF) is a special micropro- 
gram that acts as an internal DMA controller between 
on-chip peripherals (special-function registers, SFR) 
and memory. The MSF greatly reduces the software 
overhead and CPU time that other processors would 
require for register save processing, register returns, and 
other handling associated with interrupt processing. 


if the MSF is selected for a particular interrupt, each time 
the request is received, a byte or word of data will be 
transferred between the SFR and memory without inter- 
rupting the CPU. Each time a request occurs, the macro- 
service counter is decremented. When the counter 
reaches zero, an interrupt to the CPU is generated. The 
MSF also has a character search option. When selected, 
every byte transferred will be compared to an 8-bit 
search character and an interrupt will be generated if a 
match occurs or if the macroservice counter counts out. 


Like the NMI, INT, and INTTB, the two DMA controller 
interrupts (INTDO, INTD1) and the serial error interrupts 
(INTSERO, INTSER1) do not have MSF capability. 
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There are eight, 8-byte macroservice channels mapped 
into internal RAM from XXEOOH to XXE3FH. Figure 10 
shows the components of each channel. 


Setting the macroservice mode for a given interrupt 
requires programming the corresponding macroservice 
contro! register Each individual interrupt serviceable 
with the MSF has its own associated MSC special- 
function register. The general format for all MSC regis- 
ters is shown in figure 11. 


Figure 10. Macroservice Channels 


15 8 7 0° 


| Offset from macro service channel start address. 


+6H Segment value of memory address used 
for data transfer. Memory address 
will be MSS x 16 + MSP. 


Offset value of memory address used 
for data transfer. 


8-bit data compared in character search. 


Offset value of special function register 
address, which is xxFOOH + SFRP. (xx is 
specified by IDB register). 


Number of transfers performed in 


macro service 
83SL-005285A 











Figure 11. Macroservice Control Registers 
(MSC) 

| MSMa|MSMi[MSMp| DIR | 0 | CHe | CHi | CH _| 

7 0 
MSM2-MSMo Macroservice Mode 

000 Normal (8-bit transfer) 

001 Normal (16-bit transfer) 

100 Character search (8-bit transfer 

Other combinations are not allowed. 

DIR Data Transfer Direction 

0 Memory to SFR 

1 SFR to memory 
CHo-CHp _ Macroservice Channel 

000 Channel 0 

L 
111 Channel 7 
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TIMER UNIT 


The »PD70335 (figure 12) has two programmable 16-bit 
interval timers (TMO, TM1) on-chip, each with variable 
input clock frequencies. Each of the two 16-bit timer 
registers has an associated 16-bit modulus register 
(MDO, MD1). Timer 0 operates in either the interval timer 
mode or one-shot mode; timer 1 has only the interval 
timer mode. 


Interval Timer Mode 


In this mode, TMO/TM1 are decremented by the selected 
input clock and, after counting out, the registers are 
automatically reloaded from the modulus registers and 
counting continues. Each time TM1 counts out, inter- 
rupts are generated through TF 1 and TF2 (Timer Flags 1, 
2). When TMO counts out, an interrupt is generated 
through TFO. The timer-out signal can be used as a 
square-wave output whose half-cycle is equal to the 
count time. There are two selectable input clocks (SCLK: 
system clock = fogc/2; fosc = 10 MHz). 


Clock Timer Resolution Full Count 
SCLK/6 1.2 us 78.643 ms 
SCLK/128 25.6nus 1.678 s 


One-Shot Mode 


In the one-shot mode, TMO and MDO operate as indepen- 
dent one-shot timers. Starting with a preset value, each 
is decremented to zero. At zero, counting ceases and an 
interrupt is generated by TFO (from TMO) or TF1 (from 
MD0O). One-shot mode allows two selectable input clocks 
(fosc = 10 MHz). 


Clock Timer Resolution Full Count 
SCLK/12 2.4 us 157.283 ms 
SCLK/128 25.6 ws 1.678 s 


Timer Control Registers 


Setting the desired timer mode requires programming 
the timer control register. See figures 13 and 14 for 
format. , 


Figure 12. 
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Timer Unit Block Diagram 
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Figure 13. Timer Control Register 0 (TMCo) 


[rae [ToL] nso nowaL eno] aw [woo [Wome 
7 0 


TSO Timer 0 in Either Mode 
0 '  $top countdown 
1 Start countdown 
MOD, MOD, TCLKO TMO Register Clock Frequency 
0 0 0 fscik/6 (Interval) 
0 0 1 fgc_K/128 (Interval) 
0 1 0 fgciK/12 (One-shot) 
0 1 1 fsci«/128 (One-shot) 
MSO MDO Register Countdown (One- 
Shot Mode) 
0 Stop 
1 Start 
MCLKO ; MDO Register Clock Frequency 
0 fgciK/12 
1 fsciK/128 
ENTO TOUT Square-Wave Output 
0 Disable 
1 Enable 
ALV TOUT Initial Level (Counter 
Stopped) 
0 Low 
1 High 
MOD, MOD) Timer Unit Mode 
0 0 Interval timer 
0 1 One-shot 
1 Xx Reserved 
Figure 14. Timer Control Register 1 (TMC1) 


| tei_jroucs] o [oo fo | ojo] | 
7 0 


TS1 Timer 1 Countdown 
0 Stop 
1 Start 
TCLK1 Timer 1 Clock Frequency 
0 fgc_k/6 
1 fgcoiK/128 


TIME BASE COUNTER 


The 20-bit free-running time base counter (TBC) controls 
internal timing sequences and is available as the source 
of periodic interrupts at lengthy intervals. One of four 
interrupt periods can be selected by programming the 
TBo and TB, bits in the processor control register (PRC). 
The TBC interrupt is unlike the others because it is fixed 
as a level 7 vectored interrupt. Macroservice and register 
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bank switching cannot be used to service this interrupt. 
See figures 14A and 14B. 


Figure 14A. Time Base Interrupt Request . 


Control Register (TBIC) 
TeMK. fete tote Tete) 
Address xxFECH 
TBF Time Base Interrupt Flag 
0 No interrupt generated 
1 Interrupt generated 
TBMK Time Base Interrupt Mask 
0 Unmasked 
1 Masked 
Figure 14B. Processor Control Register (PRC) 
a ee ee eS 
Address xxFEBH 
RAMEN Built-In RAM 
0 Disable 
1 . Enable 
TB, TBo =‘ Time Base Interrupt Period 
0 0 210 /fsoik 
0 1 213/fsoiK 
1 0 216 fsoik 
1 1 220/fsoLk 
PCK, PCKg System Clock Frequency (fsciK) 
0 0 fosc/2 
Q 1 fosc/4 
1 0 fosc/8 
1 1 Reserved 


The RAMEN bit in the PRC register allows the internal 
RAM to be removed from the memory address space to 
implement faster instruction execution. 


The TBC (figure 14C) uses the system clock as the input 
frequency. The system clock can be changed by pro- 
gramming the PCKy and PCK, bits in the processor 
control register (PRC). Reset initializes the system clock 
to fogc/8 (fogc = external oscillator frequency). 
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Figure 14C. Time Base Counter (TBC) Block 
Diagram 


+210 


+ 213 +216 


REFRESH CONTROLLER 


The »PD70335 has an on-chip refresh controller for 
dynamic and pseudostatic RAM mass storage memo- 
ries. The refresh controller generates refresh addresses 
and refresh pulses. It inserts refresh cycles between the 
normal CPU bus cycles according to refresh specifica- 
tions. 


The refresh controller outputs a 9-bit refresh address on 
address bits Ap-Ag during the refresh bus cycle. Address 
bits Ag-Ajg are all zeros. The 9-bit refresh address is 
automatically incremented at every refresh timing for 
512 row addresses. The 8-bit refresh mode (RFM) regis- 
ter (figure 15) specifies the refresh operation and allows 
refresh during both CPU HALT and HOLD modes. Re- 
fresh cycles are automatically timed to minimize the 
effect on system throughput. 


The following shows the REFRQ pin level in relation to 
bits 4 (RFEN) and 7 (RFLV) of the refresh mode register. 


RFEN RFLV- REFRQ Level 


“ee 
ono 


a 
1 
0 
1 Refresh pulse output 


It should be noted that since the V35 Plus directly 
supports dynamic RAM memory, the refresh controller 
output should be gated into the RAS input of the memory 
chips. When combined with the chip select logic and the 
MREQ signals, a direct DRAM interface is supported. 


SERIAL CONTROL UNIT 


The serial unit of the «PD70335 is functionally identical 
to that of the standard V35, with the exception of several 
enhanced features. 


All serial status information is moved to the Serial Status 
Register (SSTn) on the V35 Plus. Included in this register 
is an additional flag which signals that the transmit shift 
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register is clear of data. This flag allows software to poll 
for the completion of a message (the last bit of the last 
byte is shifted out when the ALL SENT bit is set). All error 
flags are available in this register (refer to figure 16). 


Please refer to the »PD70330 (V35) data sheet for addi- 
tional information on the serial channels. 


Figure 15. Refresh Mode Register (RFM) 


[Rew [RLoee[ Tee AFEN [aw [RWG | APT | To 


7 Address xxFE1H 0 


RFLV RFEN REFRQ Output Signal Level 





0 0 0 
1 0 1 
0 1 0 
1 1 Refresh pulse 
HLDRF Automatic Refresh Cycle In HOLD Mode 
0 Disabled 
1 Enabled 
HLTRF Automatic Refresh Cycle in HALT Mode | 4e | 
0 Disabled 
1 Enabled 
RFEN Automatic Refresh Cycle 
0 Refresh pin = RFLV 
1 Refresh enabled 
RFW;, RFWo No. of Wait States Inserted in Refresh Cycle 


0 0 0 
0 1° 1 


1 0 2 
1 1 2 
RFT, RFT) Refresh Perlod 
0 0 16/SCLK 
0 1 32/SCLK 
1 0 64/SCLK 
1 1 128/SCLK 
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Figure 16.. Serial Status Register (SSTn) 


[Rxow | Ain [oan [RvBro]_o [EA | rn [EON] 
: -, 0 
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Receive Terminal Pin State : 


Input state of RxD, pin is checked by RXDN bit 
All Sent Flag 


Reset when transmit data has been written to 
transmit shifter 


Set when all the data in the transmit buffer and 


transmit shift register has been sent (Note 1) 


Transmit Buffer Empty Flag. - 


Reset when transmit data has been written to 


transmit buffer (Note 1) 


Set when transmit data in transmit buffer has 


been sentto shift register. 





Recelve Buffer Full Flag 


receive buffer (Note 2) 


RxDN 


ASn 


Parity Error Flag 


RxBFn 


Reset when receive data has been read from 0 


Set when receive data has been sent from shift 1 
register to receive buffer (Note 3) 


ERPn 


0 Indicates that transmit parity was not consistent 
with receive parity (Note 5) 


1 Framing Error Flag 
Indicates that stop bit was not detected (Note 5) 


Overrun Error Flag 


ERFn 


EROn 


Indicates that succeeding receive has completed be- 


fore the previous receive data is taken over from the 
1 receive buffer (Note 5) 


(1 


— 


(2 


— 


(3 
(4 
© 


Table 4. DMA Coniroller Operation 


Single-Step Mode 


Burst Mode 


Notes: 


Transmitter flags are reset to 1 when the value of either the band 
tate generator or serial control register is written. 


Receive buffer full flag is also reset when either the band rate 
generator or serial control register is written. 


Receive buffer full flag is not related to the receive error state. 


Error flags are cleared when the next data byte is received. 


In the tablé, n = Oor 1. 


Single-Transfer Mode 


Demand Release Mode 





Transmission Memory - memory 


coverage 


Function 


DMA start 


Halt method 


Interrupt 


During halt 


DMA request 
during DMA 
transmission 


Under one time of DMA 
request instruction, 

one bus cycle and one DMA 
transmission are alternately 
executed the specified 
number of times. 


Rise of DMARQ 


Setting TDMA bit of DMA 
control register 


Depends on software 


Terminal count 
decremented from zero 


Ail accepted 


Specified times of DMA 
transmission are executed 
consecutively 


DMA at channel 1 is retained 
while DMA at channel 0 is 
executed 


Memory - memory 


Under one DMA 

request, specified number 
of DMA transmissions 

are executed. 


Rise of DMARQ 


Setting TDMA bit of DMA 
control register 


None 


Terminal count 
decremented from zero 


Not accepted 
during DMA transmission 


Specified number of DMA 
transfers are executed 
consecutively 


Other DMA is retained until 
DMA transmission 
is terminated. 


Memory - I/O 


One DMA transfer is 
executed every time DMA 
request occurs. 


Rise of DMARQ 


Depends on software 
Terminal count 
decremented from zero 


All accepted 


Active 


DMA trarismission under 
request is executed after one 


_ DMA transmission is over 


Memory - I/O 


DMA transmission is executed 
while DMARQ terminal is kept 
high-level. 


High level of DMARQ 


Halted at low level of DMARQ 
during DMA transmission 


Terminal count 
decremented from zero 


All accepted except 
during DMA transmission 


Active 


DMA at channel 1 is retained 


while DMA at channel 0 is 
executed, 
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DMA CONTROLLER 


Two memory-to-memory transfer modes (single-step 
and burst) are supported as well as two I/O-to-memory 
modes (single-transfer and demand release). Refer to 
table 4. 


The most significant V35 Plus enhancement boosts the 
transfer rates of the dual internal DMA channels to full 
bus bandwidth. All operational modes remain the same 
as the V35, but since the V35 Plus DMA controller is 
implemented in hard-wired logic, the control delays of a 
microprogrammed method are not present. As a result, 
the demand release mode transfer rate boasts a theoret- 
ical transfer rate of over 6M bytes per second. 


The »PD70335 DMA control registers are moved from the 
internal RAM to the SFR area; thus the V35 Plus may 
effectively have a larger internal RAM memory area than 
comparable designs on the standard V35. 


Additionally, the 4PD70335 DMA controller uses linear 
registers for both source and destination address point- 
ers. Thus, three 8-bit registers completely specify the 
DMA address pointers as shown in figure 17. These 
pointers may be updated by byte (+1) or word (+2) 
quantities as programmed in the DMA channel mode 
register shown in figure 18. This register also specifies 
the operational mode of the channel. The EDMA bit is 
automatically cleared when terminal count is reached, 
and DMA requests are ignored when this bit is cleared. 


Figure 17. DMA Address Registers 


23 20 19 16 15 87 0 


0000] SARnH | SARNM | SARNL 
0000] DARnH | DARnM | DARnL 


|. Applied addresses (20 bits) ———+ 


n=0,1 
83YL-6715A 
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Figure 18. DMA Channel Mode Registers (DMAMn) 


[ioe [wos [wos | w [eowalrona[ 6 [3 
7 0 


MD2-MDpy Transfer Mode 
000 Single-step (memory to memory) 
001 Demand release (I/O to memory) 
010 Demand release (memory to I/O) 
011 Disabled 
100 Burst (memory to memory) 
101 Single-transfer (I/O to memory) 
110 Single-transfer (memory to I/O) 
111 Disabled 

WwW Transfer Method 
0 Byte transfer 
1 Word transfer 

EDMA TDMA _ Transfer Cordition 
0 0 Disabled 
1 0 DMA channel enabled 


Software initiate DMA (memory to 
memory modes} 


The TDMA bit is only valid for single-step and burst 
modes. This bit allows software initiation of the DMA 
transfer (provided the EDMA bit is set); the bit always 
reads as zero and has no meaning in the demand-release 
or single-transfer modes. 


The DMA address pointers may be incremented or dec- 
remented per transfer as specified in the DMA address 
update register shown in figure 19. The address pointer 
can also be programmed to remain the same, allowing 
repeated transfers to or from a location. 


Figure 19. DMA Address Control Registers 
(DMAC) 
| 9 | o | PD | Poo | o | oO | PS: | PS | 
7 : 0 
PD,-PDo Destination Address Offset 
00 No modification 
01 Increment 
10 Decrement 
11. ~ .No modification 
PS4-PSo Source Address Offset 
00 No modification 
01 Increment 
10 Decrement 
11 No modification. 


The DMAAKn signals are not output for memory-to- 
memory transfer modes, but are driven low for each 
transfer I/O to/from memory. Nominal DMA bus cycles 
are three clock states; however, programmable wait 
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states may be added. Wait states for memory-to-memory 
transfers are added to both source and destination 
addresses as programmed for each specific address. 


During memory-to-l/O transfers, the number of wait 
states inserted is determined by the slower of the source 
and destination. |/O-to-memory transfers add the num- 
ber of wait states required by the memory write address. 


PARALLEL I/O PORTS 


The »PD70335 has three 8-bit parallel 1/O ports: PO, P1, 
and P2. Refer to figures 20 through 24. Special function 
register (SFR) locations can access these ports. The 
port lines are individually programmable as inputs or 
outputs. Many of the port lines have dual functions as 
port or control lines. 


Use the associated port mode and port mode control 
registers to select the mode for a given 1/O line. 


The analog comparator port (PT) compares each input 
line to a reference voltage. The reference voltage is 
programmable to be the (Vry input pin) x n/16, where n = 
1 to 16. See figure 25. 


Figure 20. Port Mode Registers 0 and 2 (PMO, PM2) 


[Pity | Phe | PMs | PM | PMs | PMe | PMs | PMo_ 


7 0 
PMn input or Output Bit Selection 
Output port mode 
1 Input port mode 
n = 7 through 0 
Figure 21. Port Mode Register 1 (PM1) 


[PMiz [PMtg | PMig |g f 1 | 1 | 1 [Ot 
0) 


7 


PMC1, PMi, Port Mode Input/Output (Port P1n) 
0 (e) Output port mode 
0 1 Input port mode 

n = 7,6, 5, or 4. 


Figure 22. Port Mode Control Register 0 (PMCO) 


Ny oe ee I | 
0 


7 ar 


PMC07 Port or Control Bit Selection 
0 Port mode 
1 CLKOUT 


Figure 23. Port Mode Control Register .1 (PMC1) 


7 


PMC17 Port/Control Bit Selection 
0 Pi7 VO 
1 READY input 

PMC1¢ Port/Contro! Bit Selection 
(0) Pig /O 
1 SCKO output 

PMC15 Port/Control Bit Selection 
0 P15 VO 
1 TOUT output 

PMC1, Port/Control Bit Selection 
0) P14 V/O or POLL input 
1 INT input 

PMC13 Port/Control Bit Selection 
0 INTP2/P13 input 
1 INTAK output 

PMC15 Port/Control Bit Selection 
x INTP1/P15 input 
0 ' - INTP2/P13 input 

PMC1, Port/Control Bit Selection 
x INTPO/P1, input 

PMCi9 Port/Control Bit Selection 
x NMI/P 19 input 
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Figure 24. Port Mode Control Register 2 (PMC2) 
PMO 
7 0 
PMC 27 Port/Control Bit Selection 
0 1/O port 
1 HLDRQ output 
PMC2, Port/Control Bit Selection 
0 W/O port 
1 HLDAK input 
PMC2; Port/Control Bit Selection 
0 1/0 port 
1 TCT output 
PMC2, Port/Contro! Bit Selection 
0 I/O port 
1 DMAAK! output 
PMC2, Port/Control Bit Selection 
0. \/O port 
1 DMARQT input 
PMC2, Port/Control Bit Selection 
x /O port 
0 TCO output 
PMC2, Port/Control Bit Selection 
x /O port 
1 DMAAKO output 
PMC2) ; Port/Control Bit Selection 
0 1/O port 
1 DMARQO input 


Figure 25. Port T Mode Register (PMT) 


pe fo fo | 8 | ees J Pete | Pets | Pato | 


7 0 
PMT3-PMTo Vrer 
0000 VrH x 16/16 
0001 VrH x 1/16 
0010 VtH X 2/16 
0011 VTH x 3/16 
0100 VrH x 4/16 
0101 Vr x 5/16 
0110 VrH x 6/16 
0111 Vr x 7/16 
1000 VrH x 8/16 
1001 VrH x 9/16 
1010 VTH X 10/16 
1011 VTH x 11/16 
1100 VTH x 12/16 
1101 VrHx 13/16 © 
1110 VrH x 14/16 
1111 VTH x 15/16 
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PROGRAMMABLE WAIT STATE GENERATION 


You can generate wait states internally to further reduce 
the necessity for external hardware. Insertion of these 
wait states allows direct interface to devices whose 
access times cannot meet the CPU read/write timing 
requirements. 


When using this function, the entire 1M-byte memory 
address space is divided into 128K-blocks. Each block 
can be programmed for zero, one, or two wait states, or 
two plus those added by the external READY signal. The 
top two blocks are programmed together as one unit. 


The appropriate bits in the wait control word (WTC) 
control wait state generation. Programming the upper 
two bits in the wait control word will set the wait state 
conditions for the entire I/O address space. Figure 26 
shows the memory map for programmable wait state 
generation; see figure 27 for a graphic representation of 
the wait control word. 


Figure 26. Programmable Wait State Generation 


FFFFFH 


C0000H 


40000H 


20000H 


om [ee 


49-001351A 


STANDBY MODES 


The two low-power standby modes are HALT and STOP. 
Software can cause the processor to enter either mode. 


HALT Mode 


In the HALT mode, the CPU is inactive and the chip 
consumes much less power than when operational. The 
external oscillator remains functional and all peripherals 
are active. Internal status and output port line conditions 
are maintained. Any unmasked interrupt can release this 
mode. In the El state, interrupts subsequently will be 
serviced and the HALT state released. In the DI state, 
program execution is restarted with the instruction 
following the HALT instruction and the interrupt causing 
the release from HALT will be latched. 
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STOP Mode 


The STOP mode allows the largest power reduction 
while maintaining RAM. The oscillator is stopped, halt- 
ing the CPU and all internal peripherals. Internal status 
and port pin outputs are maintained: Only a RESET or 
NMI can release this mode. 


Astandby flag in the STBC register is reset by rises in the 
supply voltage. Its status is maintained during normal 
operation and standby. The STBC register (figure 28) is 
not initialized by RESET. Use the standby flag to deter- 


mine whether program execution is returning from 


standby or from a cold start by setting this flag before 
entering the STOP mode. 


SPECIAL-FUNCTION REGISTERS 


Table 5 shows the special-function register mnemonic, 
type, address, reset value, and function. The eight high- 
order bits of each address (xx) are specified by the IDB 
“- register. 





Figure 27. Wait Control Word (WTC) 


Block | Block Block | Block” ’ Block 
61 60 50 41 40 


Wait Control, High 


Block | Block Block _ Block | Block pe 
31 30 20 10 01 


Walt Control, Low 


Wait States Block n1 Block no 
0 0 0 
1 0 1 
2 1 0 
2 or more (control from READY pin) 1 1 
n = Othru6 


Figure 28. Standby Register (S TBC) 


poe Se Oe 90" 3] 70 loa | BE 
7 0 


BF Standby Flag 














SFR area addresses not listed in table 5 are reserved. If § 

read, the contents of these addresses are undefined, and ° No changes in Vpp (standby) 

any write operation will be meaningless. 4 Rising edge on Vpp (cold start) 

Table 5. Special-Function Registers 

Address Register Function Symbol R/W Manipulation (Note 6) When Reset 
xxFOOH Port 0 PO RW 8/1 Undefined 
xxFO1H Port mode 0 PMO W 8 OFFH 
xxFO2H Port mode control. 0 PMCO WwW 8 00H 
xxF08H Port 1 Pi RAW a1 Undefined 
xxFO9H Port mode 1 PM1 W 8 OF FH 
xxFOAH Port mode control 1 PMC1 Ww 8 00H 
»xxF10H Port 2 P2 R/W 8/1 Undefined * 
XxF ITH Port mode 2 PM2 WwW 8 OF FH 

xXF 12H Port mode control 2 PMC2 Ww 00H 
»XF 38H Threshold port PT R Undefined 
xxF 3BH Threshold port mode PMT R/W 8/1 00H 

xxF 40H External interrupt mode INTM RAW a 00H 

xxF 44H External interrupt macro service control 0 (Note 1) EMSO R/W 8/1 Undefined 
xxF 45H: External interrupt macro service control 1 (Note 1) EMS1 R/W 8/1 ' 
xxF 46H External interrupt macro service control 2 (Note 1) EMS2 R/W 8/1. 

xXxF 4CH External interrupt request control 0 (Note 1) EXICO R/W 8/1 47H 

xxF 4DH External interrupt request control 1 (Note 1) EXIC1 R/W 8/1 

xxF 4EH External interrupt request control 2 (Note 1) ExIC2 R/W 8/1 
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Table 5. Special-Function Registers (cont) 




















Address... Register Function Symbol R/W Manipulation (Note 6): . When Reset 
xxF60H Receive buffer 0 RxBo R 8 Undefined -- 
»xF62H _‘Transmit buffer 0 TxBO W 8 —_ 

xxF 65H Serial receive macro service control 0 (Note 1) SRMSO R/W 8/1 

xxF 66H Serial transmit macro service control 0 (Note 1) STMSO R/W 8/1 

xxF 68H Serial mode register 0 SCMO R/W 8/1 00H 

xxF 69H Serial control register 0 scco R/W 8/1 

xxF 6AH Baud rate generator 0 BRGO R/W 8/1 

xxF 6BH Serial status register 0 SSTO R- 8 60H 
xxF6CH Serial error interrupt request register 0 (Note 1) SEICO R/W 8/1 47H 

xxF 6DH Serial receive interrupt request register O (Note 1) SRICO R/W 8/1 

xXxF6EH Serial transmit interrupt request register 0 (Note 1) STICO R/W 8/1 

xxF70H Serial receive buffer 1 RxB1 R 8 ’ Undefined 
xXxF72H Serial transmit buffer 1 TxB1 W 8 

xxF75H Serial receive macro service register 1 (Note 1) SRMS1 R/W 8/1 

xXxF76H Serial transmit macro service register 1 (Note 1) STMS1 R/W 8/1 

xxF78H Serial communication register 1 SCM1 R/W 8/1 00H 
xxF79H Serial control register 4 SCC1 R/W 8/1 

xxF7AH Baud rate generator 1 .BRG1 R/W 8/1 

xxF7BH Serial status register 1 SCS! R 8 60H 
xxF7CH Serial error interrupt request register | (Note 1) SEIC1 RAW 8/1 47H 
xxF7DH . Serial receive interrupt request register 1 (Note 1) SRIC1 R/W 8/1 

xxF7EH Serial transmit interrupt request register 1 (Note 1) STIC1 R/W 8/1 . 

xxF80H Timer register 0 (Note 2) TMO R/W 16 Undefined 
xxF82H Timer 0 modulo register (Note 2) MDO R/W 16 

xxF88H Timer register 1 (Note 2) ™1 R/W 16 

xxF8AH Timer 1 modulo register (Note 2) MD1 R/W 16 

xxFS0H Timer 0 contro! register (Note 2) TMCO R/W 8/1 OOH 
xXFO1H Timer 1 control register (Note 2) TMC1 R/W 8/1 

xxF94H Timer unit 0 macro service register (Note. 1) TMMSO R/W 8/1 Undefined 
xxFS5H _ Timer unit 1 macro service register (Note 1) TMMS1 R/W 8/1 

xxFO6H Timer unit 2 macro service register (Note 1) TMMS 2 R/W 8/1. 

xxF9CH Timer unit 0 interrupt request register (Note 1) TMICO R/W 8/1 47H 
xxF9DH ' Timer unit 1 interrupt request register (Note 1) TMIC1 R/W 8/1 

XxxF9EH Timer unit 2 interrupt request register (Note 1) TMIC2 R/W 8/1 

xxFAOH DMA address update control register 0 DMACO R/V 8/1 Undefined 
xxFA1H DMA mode register 0 DMAMO R/W 8/1 47H 
XxXFA2H DMA address update control register 1 DMAC1 R/W 8/1 Undefined 
xxFA3H DMA mode register 1 DMAM1 R/W 8/1 00H 
xxFACH DMA interrupt request control register 0 (Note 1) DICO R/W 8/1 47H 
xxFADH DMA interrupt request control register 1 (Note 1) DIC1 R/W 8/1 
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Table 5. Special-Function Registers (cont) 
Address Register Function 

»XFCOH © DMA channel 0 source address pointer low 
»xFC1H DMA channel 0 source address pointer mid 
xxFCOH DMA Channel 0 source address pointer low 
xxXFC1H DMA channel 0 source address pointer mid 
xxFC2H DMA channel 0 source address pointer high 
xxFC4H DMA channel 0 destination address pointer low 
xxFC5H | DMA channei 0 destination address pointer mid 
xxFC6H DMA channel 0 destination address pointer high 
xxFC8H DMA channel 0 count register 

xxFDOH DMA channel 1 source address pointer low 
xxFD1H DMA channel 1 source address pointer mid 
xxFD2H DMA channel 1 source address pointer high 


Symbol 
SAEOL 
SAEOM 
SAEOL 
SAEOM 
SAROH 
DAROL 
DAROM 
DAROH 
DMATCO 
SARIL 
SAR1M 
SAR1H 
DARI1L 
DAR1M 


xxFD5H DMA channel 1 destination address pointer mid 


xxFD4H DMA channel 1 destination address pointer low 
xxFD6H DMA channel 1 destination address pointer high 
xxFD8H DMA channel 1 terminal count register 


xxFEOH Standby control register 


XxFE1H Refresh mode register 
xxFE8H Wait state control 
xxFEAH User flag (Note 5) 


DAR1H 
DMATC1 
STBC 


RFM 
WIC 
FLAG 
PRC 
TBIC 


IRQS 


R 8 Undefined 


ISPR 


xXxF FCH Interrupt priority control register (Note 1) 


xxFEBH Processor control register 

xxFECH Time base interrupt request control register 
(Note 1) 

XXxFE FH Interrupt factor register (Note 1) 

XXF F FH Internal data area base 

Notes: 


(1) One wait state is inserted into accesses to these registers. 


(2) A maximum of 6 wait states are added into accesses to these 
registers, 


(8) Each bit of the standby control register can be set to 1 by an 
instruction; however, once set, bits cannot be reset to 0 by an 
instruction (only 1 can be written to this register). 


IDB 


R/W Manipulation (Note 6) When Reset 
R/W 16/8 . Undefined 
RAW 16/8 . 

R/W 16/8 

RAW 16/8 

R/W 8 

R/W 16/8 

R/W 16/8 

R/W 8 

R/W 16/8 

R/W 16/8 

R/W 16/8 

R/W 8 

RAW 16/8 

R/W 16/8 

R/W 8 

R/W 16/8 

R/W 8/1 Undefined 
(Note 3) (Note 4) 
R/W 8/1 OFCH 
RAW 16/8 OF FFFH 
R/W 8/1 00H 

RAW 8/1 4EH 

RAW 8/1 47H 

R 8 00H 

RAW 8/1 OF FH 


(4) Upon power-on reset = 00H; other = no change. 


(5) For the user flag register (FLAG), manipulating bits other than bits 
3 and 5 is meaningless. The contents of user flags 0 and 1 (FO and 
F 1) of the FLAG register are affected by manipulating FO and F1 
of the PSW. 


(6) The manipulation column indicates which memory operations 
can read or modify the register according to the following key. 


16 
8 
1 


Work operations 
Byte operations 
Bit operations: 
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ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings 
Ta = 25°C ; 

Supply voltage, Vpp ~0.5 to +7.0V 
~0.5 to Vpp + 0.5 V (Ss +7.0V) 
-0.5 to Vpp + 0.5 V (Ss +7.0V) 


-0.5 to Vpp + 0.5V (s +7.0V) 


Input voltage, Vj 

Output voltage, Vo 
Threshold voitage, Vr; 
Output current, low; Io, 


Each output pin 4.0mA 

Total 50 mA 
Output current, high; lox 

Each output pin -2.0mA 

Total -20 mA 
Operating temperature range, Topr -10 to +70°C 
Storage temperature range, Tstq -65 to + 150°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 


Supply Current vs Clock Frequency 
TA = 25°C 
Vpp=5V 


Typ. Sample 


Spec. 
Point 





he 
ae 
= 
-z 
Fal 
i= 


fcLk [MHz] 





83-004331A 


Comparator Characteristics 
Vpp = +5V +10%; Ta = —10 to +70°C 


Parameter Symbol Min Max Unit Conditions 
Accuracy VAcomp +100 3 =mv 

Threshold voltage Vy} 0 Vp +01 V 

Comparison time tcomp 64 65 tovK 

PT input voltage Vipr 0 Vpp Vv 
Capacitance 

Vpp = OV; Ta = 25°C 

Parameter Symbol Min Max Unit Conditions 
Input capacitance C; 10 pF fo = 1 MHz; 
Output capacitance Co 20 pF unmeasured pins 
\/O capacitance Cio 20 «pF remand tO 


DC Characteristics 
Vpp = +5 V £10%; Ta = —10 to +70 °C (Note 1) 


Parameter Symbol Min Typ Max Unit Conditions 
Supply current, = Ipp4 65 120 mA 
operating _ 
Supply current, = Ipp2 25 50 mA 
HALT mode 
Supply current, —Ipp3 10 30 wA 
STOP mode 
VrH supply tH 05 1.0 mA Vry = Oto Vop 
current 
Input voltage, Vit 0 08 V 
low 
Input voltage, Vint 2.2 Vpp V_ Allinputs 
high except RESET, 
P1o/NMI, X1, X2 
Vino 08x Vpp V_ RESET, Pio/ 
Vpp NMI, X1, X2 
Output voltage, Vo. 0.45 V Io. = 1.6mA 
low 
Output voltage, Voy Vop Vo loy = -0.4mA 
high — 1.0 
Input current lin +20 pA EA, P1o/NMI; 
Vj = 0 to Vop 
Input leakage la +10 pA All except EA, 
current Pig/NMI; V, = 0 
to Vop 
Output leakage ILo +10 pA Vo =0to Vpn 
current 
Notes: 


(1) The standard operating temperature range is -10 to +70°C. 
However, extended temperature range parts (-40 to +85°C) are 
available. 
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AC Characteristics é 
Vpp = +5 V +10%; Ta, —10 to +70°C; C_ = 100 pF (max) 


Parameter ae Symbol Min Max Unit Conditions 























input rise, fall time ; tis tie 20 ns Except X1, X2, RESET, NMI 
Input rise, falltime tins; ties 30 ns RESET, NMI (Schmitt) 
Output rise, fall time * ton, tor 20 ns Except CLKOUT 
X1 cycle time - ‘toyx 62 . 250 ns. 

X1 width, low twx 20 ris 

X1 width, high twxH 20 ns 

X1 rise, fall time a tyr, txe 20 ns 

CLKOUT cycle time toyK 125 2000 ns 

CLKOUT width, low twKL 0.5T — 15 ns Note 1 

CLKOUT width, high twKH 0.5T - 15 ns 

CLKOUT tise, falltime txr, tkF 15 ns 

Address delay time toKa 15 90 ns 

Address valid to input data valid tpaDR Tin + 1.5) -70 ns Note 2 

MREGQ to address hold time tHMRA - 0.5T- 30 ns 

MREQ to data delay tomrp T(n + 2) - 60 ns 

MSTB to data delay . tpmsp T(n + 1) -60 ns 

MREQ to MSTB delay tpMRMSR | T-35 T+ 35 ns 

MREQ width, low tWMRL T(n + 2)-30 ns 

MREQ, MSTB to address hold time tHMA 0.5T - 30 ns 

input data hold time tHmpD 0 ns 

Next control setup time tscc T-25 ns 

MREQ to TC delay time tomrrtc 0.5T + 50 ns 

MREQ delay time tpaMR 0.5T - 30 ns 

MSTB read delay time tp AMSR 0.5 T- 30 ns 

MSTB width, low twMSLA T(n + 1) - 30 "ns 

Address data output tpapw 0.5T + 50 ns 

Data output setup time tspm Tin + 2) -50 ns 

MSTB write delay time tp AMSW T(n + 0.5) - 30 ns 

MREQ to MSTB write delay time tpmamsw.- T(n + 1) - 35 Tin + 1) + 35 ns 

MSTB write width low | twmsiw T-30 “ns 

Data output hold time tumpw 0.5T - 30 ns 

iOSTB delay time tpals 0.5T - 30 ns 

OSTB to data input tpisp T(n + 1)-60 ns 

IOSTB width, low , “twist.  —s-s T(in + 1) - 80 ns 

MREQ to IOSTB delay time tors T-35. ns 

Next DMARQ setup time tspaDQ  T-50 ns Demand mode 
DMARQ hold time tHDARQ 0 ns 

DMAAK read width, low tWDMRL T(n + 2.5) -30 ns ~ 

DMAAK write width, low twOMWL Tin + 2) - 30 ns 

DMAAK to TC delay time topaTc 0.5T + 50 ns 


[ee] 
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AC Characteristics (cont) 











Parameter Symbol ; Min Max Unit Conditions 
TC width, low twicL (n + 2)T-30 ns 
REFRQ delay time tp ARF 0.5T - 30 ns 
REFRQ width, low tWREL Tin + 2) — 30 ns 
Address hold time tHRFA 0.5T - 30 ns 
Power on reset 
twrsL2 5 pS System warm reset 
MREQ, IOSTB to READY setup time tscry T(n) — 100 ns n22 
MREQ, IOSTB to READY hold time tucrY T(n) ns n22 
HLDRQ setup time tsHak 30 ns 
HLDAK output delay time toKHA 15 80 ns 
Bus control float to HLDAK | tCFHA T-50 ns 
HILDAK f to contro! output time tpHAC T-50 ns 
HLDRQ to HLDAK delay . tpHQHA 3T + 160 ns 
HLDRQ/tocontrolfloattime == —Ss=<“i«‘iRSHGQSC“(<;‘ ‘CTT IO!)!!}!}]©€©€©€©™)UUUS 
HLDRQ width, low twHaL 1.5T ns 
HLDAK width, low tWHAL T ns 
INTP, DMARQ setup tsiak 30 ns 
INTP, DMARQ width, high twiQH 8T ns 
INTP, DMARQ width, low ca. twiat 8T ns 
POLL setup time tspLK 30 ns 
NMI width, high tWniH 5 ps 
NMI width, low tWNIL 5 BS 
CTS width, low tWorL oT ns 
INT setup time tsirk 30 ns 
INTAK delay time toKiA 15 80 ns 
INT hold time tHIAIQ 0 ns 
INTAK width, low tWIAL 2T - 30 ns 
INTAK width, high tWIAH T-30 ns 
INTAK to data delay time to1aD 2T — 130 ns 
INTAK to data hold time tHIAD 0 0.5T ns 
SCKO (TSCK) cycle time tcyTK . 1000 ns 
SCKO (TSCK) width, high twsTH 450 ns 
SCKO (TSCK) width, low twsTL 450 ns 
TxD delay time tpTKD 210 ns 
TxD hold time tutKp 20 ns 
CTSO (RSCK) cycle time tcyrK 1000 ns 
CTS0 (RSCK) width, high twsRH 420 ns 
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AC Characteristics (cont) 


Parameter Symbol 
TTS6 (RSCK) width, low twsrL 
RxD setup time tsapk 
RxD hold time tHKRD 
Notes: 


(1) T = CPU clock period (tcyy). 
(2) n = number of wait states inserted. 


External System Clock Control Source 


Internal Oscillator 


Note: For a parallel resonant quartz crystal, 
Ci, C2 = 15 pF (recommended) 


External Clock 





83SL-671 8A 
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Min Max. Unit Conditions 


. 420 ; ns 
80 ns 


80 ns 


Recommended Oscillator Components 


Ceramic Resonator Capacitors 
Manufacturer Product No. Cl(pF) -C2(pF) 
Murata Mfg. CSA.10.0MT 47 47 
CSA16.0MX040 30 30 
TDK FCR10.M2S 30. 30 
FCR16.0M2S 15 6 


STOP Mode Data Retention Characteristics 
Ta = -10 to +70°C 


Parameter Symbol Min Max Unit 
Data retention voltage VpppR 2.4. 5.5 Vv 
Vpp tise time teyp 200 BS 
Vpp fall time tevp 200 ps 


N; E Cc pPD70335 (V35 Plus) 


Timing Waveforms 





Stop Mode Data Retention Timing AC Input 2 (RESET , NMI) 


10% VDDDR 


tRvVD 


83-004306A 


83-004333A 





AC Input 1 (Except X1, X2, RESET , NMI) AC Output (Except CLKOUT) 





83-004307A 





CLKIN1 
{X1] 


CLKOUT 


83-004308B 
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Memory Read 





}+-——- 1 + Bp _—__ + 8 ——_| 


CLKOUT 


ADDRESS 


tDMRTC 


83MB-005276B 
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Memory Write 





[/+}——— B1 —___|— B2 —_+ 83 ——_} 


tCYK 


CLKOUT 


ADDRESS 


ae a 


“ee anes ee 
\ LS | A 


tDAMR 


tDMRMSW 


tDMRTC 


83M8-005277B 
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VO Read 





+1 —_—__+__— 82 -__—__|__— 83 


tCYK 


CLKOUT 
{DKA 


ADDRESS 


ee iv 


-<—t DMRD 
tDAMR 


<— tDMRIS 


83MB-0052788 
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1/0 Write 





}—_—_ B1 ——__+—___ 2 ——__+—_ 83 —__] 


tcYK ——> 


CLKOUT 


tDADW 





tDMRIS 


83MB-005279B 
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DMA, I/O to Memory 





CLKOUT 


ADDRESS 


tDMRTC 


83MB-005280B 
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DMA, Memory to I/O 





|} B1 —__}_ pp —__} 3 


tCYK 


CLKOUT 


ADDRESS 


DMARQO- 
DMARQ1 


DMAAK1- 
DMAAKO 


tDMRTC 


TC1 - TCO 


83MB-005281B 
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Refresh 





}-_—__ B1 ——_-_ + sp. —_+__ 3 ——_} 


tCYK 


CLKOUT 


ADDRESS 


83MB-005282B 





twRs_1 














83-0043168 
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RESET 2 


aia VS ee ey Va 


tWRSL2 





83-004317B 


BAW/B2 


CLKOUT 


ADDRESS 





MREQ 
IOSTB 
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READY 2 





ADDRESS 





HLDRQ/ HLDAK 1 


CLKOUT 


——— 
Bus control * 


Se 


Se 
HLDAK 


*A19-Ao, D7-Do, MREQ, MSTB, IOSTB, R/W 


83-004320B 
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HLDRG/HLDAK 2 





CLKOUT BY ke oe oe 


HLDRQ 








tWHAL 





Bus control * 


tDKHA : tDHaC 





HLDAK 


1 








*A19-Ao, D7-Do, MREQ, MSTB, IOSTB, R/W 


83-004321B 





INTP, DMARGQ Input 


CLKOUT 


*INTP2-INTPO, DMARQ1-DMARQO 
83-004322B 





POLL Input 


CLKOUT 


83-004323B 
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NMI Input 


83-004324B 





CTS Input 


CTSi-CTSo 





83-004325B 


INTR/ANTAK 





CLKOUT 


} tsiRK 
tDKIA ,_  tHIAIQ 


83-004326B 
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Serial Transmit 


ake a ae en A ey ee a ee ay 


83MB-0052838 





Serial Receive 


eLROUn Nea eT OF TNT OT eT eT 


tcyRK ————__________—> 





tWSRL tWSRH 


2 aaa 


<—_ t SRDK tHKRD ——__—_____> 





83MB-005284B 
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INSTRUCTION SET 


Instructions, grouped according to function, are de- 
scribed in a table near the end of this data sheet. 
Descriptions include source code, operation, opcode, 
number of bytes, and flag status. Supplementary infor- 
mation applicable to the instruction set is contained in 
the following tables. 


e Symbols and Abbreviations 

@ Flag Symbols 

e 8-and 16-Bit Registers. When mod = 11, the register 
is specified in the operation code by the byte/word 
operand (W = 0/1) and reg (000 to 111). 

e Segment Registers. The segment register is specified 
in the operation code by sreg (00, 01, 10, or 11). 

e ,Memory Addressing. The memory addressing mode is 
specified in the operation code by mod (00, 01, or a) 
and mem (000 through 111). 

@ Instruction Clock Count. This table gives formulas for 


calculating the number of clock cycles occupied by — 


each type of instruction. The formulas, which depend 
on byte/word operand and RAM enable/disable, have 
variables such as EA (effective address), W (wait 
states), and n (iterations or string instructions). 


Symbols and Abbreviations 





identifier Description 

reg 8- or 16-bit general-purpose register 

regs 8-bit general-purpose register 

reg16 16-bit general-purpose register 

dmem 8- or 16-bit direct memory location 

mem 8- or 16-bit memory location 

mems 8-bit memory location 

mem16 16-bit memory location 

mem32 32-bit memory location 

sfr 8-bit special function register location 

imm Constant (0 to FFFFH) 

imm16 Constant (0 to FFF FH) 

imms Constant (0 to FFH) 

imm4 Constant (0 to FH) 

imm3 Constant (0 to 7) 

acc AW or AL register 

sreg Segment register 

src-table Name of 256-byte translation table 
src-block Name of block addressed by the IX register 
dst-block Name of block addressed by the IY register 
near-proc Procedure within the current program segment 
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Symbols and Abbreviations (cont) 


Identifier Description 

far-proc Procedure located in another program segment 

near-label Label in the current program segment 

short- Label between -128 and +127 bytes from the end 

label of instruction 

far-label ‘Label in another program segment 

memptri6 Word containing the offset of the memory location 

within the current program segment to which 

control is to be transferred 

memptr32 Double word containing the offset and segment 
base address of the memory location to which 
control is to be transferred 

regptri6 16-bit register containing the offset of the memory 
location within the program segment to which 
control is to be transferred 

pop-value Number of bytes of the stack to be discarded (0 to 
64K bytes, usually even addresses) 

fp-op Immediate data to identify the instruction code of 
the external floating-point operation 

R Register set 

WwW Word/byte field (0 to 1) 

reg Register field (000 to 111) 

mem Memory field (000 to 111) 

mod Mode field (00 to 10) 

S:W When S:W = 01 or 11, data = 16 bits. At all other 
times, data = 8 bits. 

X, XXX, Data to identify the instruction code of the external 

YYY, ZZZ floating point arithmetic chip 

AW Accumulator (16 bits) 

AH Accumulator (high byte) 

AL Accumulator (low byte) 

BP Base pointer register (16 bits) 

BW BW register (16 bits) 

BH BW register (high byte) 

BL BW register (low byte) 

CW CW register (16 bits) 

CH CW register (high byte) 

CL CW register (low byte) 

DW DW register (16 bits) 

DH DW register (high byte) 

DL DW register (low byte) 

SP Stack pointer (16 bits) 

PC Program counter (16 bits) 

PSW Program status word (16 bits) 

IX Index register (source) (16 bits) 

IY Index register (destination) (16 bits) 
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Symbols and Abbreviations (coni) 


Identifier 
PS 

ss 

DSo 

DS, 

AC 

CY 


MD 

(...) 

disp 
ext-disp8 


temp 
tmpcy 
seg 
offset 
+ 


x 

% 

AND 
OR 
XOR 
XXH 
XXXXH 


Description 

Program segment register (16 bits) 
Stack segment register (16 bits) 
Data segment 0 register (16 bits) 
Data segment 1 register (16 bits) 
Auxiliary carry flag 

Carry flag 

Parity flag 

Sign flag 

Zero flag 

Direction flag 

Interrupt enable flag 

Overflow flag 

Break flag 

Mode flag 

Values in parentheses are memory contents 
Displacement (8 or 16 bits) 


16-bit displacement (sign-extension byte + 8-bit 
displacement) 


Temporary register (8/16/32 bits) 
Temporary carry flag (1-bit) 
Immediate segment data (16 bits) 
Immediate offset data (16 bits) 
Transfer direction 

Addition 

Subtraction. 

Multiplication 

Division 

Modulo 

Logical product 

Logical sum 

Exclusive logical sum 

Two-digit hexadecimal value 


Four-digit hexadecimal value 
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Flag Symbols 

Identifier Description 
(blank) No change 
0 Cleared to 0 
1 Set to 1 

xX 

U Undefined. 
R 


8- and 16-Bit Registers (mod = 11) 


Value saved earlier is restored 


Set or cleared according to the result 





reg Ww=0 W=1 
000 AL AW 

001 CL Cw 

010 DL DW 

011 BL BW 

100 AH SP 

101 CH BP 

110 DH IX 

111 BH IY 
Segment Registers 

sreg Register 

00 DS, 

01 PS 

10 ss 

11 DSo 

Memory Addressing 

mem mod = 00 mod = 01 mod = 10 

000 BW + IX BW + IX + disp8 BW + IX + disp16 
001 BW + IY BW + IY + disp8 BW + 1Y + disp16 
010 BP + IX BP + IX + disp8 BP + IX + disp16 
O11 BP + IY BP +IY+disp8 | BP + IY + dispi6 
100 IX IX + disp8 IX + disp16 

101 IY IY + disp8 IY + disp16 

110 Direct BP + disp8 BP + disp16 

111 BW BW + disp8 BW + disp16 
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Instruction Clock Count 
Mnemonic Operand Clocks 
ADD reg8, reg8 2 
regi6, regi6 2 
reg8, mems EA+7+W 
regi6, mem16 EA+7+W 
memes, reg8 EA+10+2W [EA+7+W] 
regi6, mem16 EA+10+2W [EA+7+W] 
reg8, imms 5 
memi6, immié6 6 
memés,imms EA+11+2W [EA+9+2W] 
mem16, imm16 EA+12+2W [EA+8+2W] 
AL, imms 5 
AW, imm16 6 
ADD4S 22+ (80+3W)n [22+ (28+3W)n] 
ADDC Same as ADD 
ADJ4A 9g 
ADJ4S 9 
ADJBA 17 
ADJBS 17 
AND reg8, reg8 2 
regi6, regi6 2 
reg8, mem8s EA+7+W 
regi6, mem16 EA+7+W 
mems, reg8 EA+10+2W [EA+7+W] 
mem16, regi6 EA+10+2W [EA+7+W] 
reg8, imms 5 
reg16, imm16 6 
memé, Imm8s EA+11+2W [EA+9+2W] 
mem16, imm16 EA+12+2W [EA+8+2W] 
AL, imms 5 
AW, immié6 6 
Bcond (conditional branch) 8 or 15 
BCWZ 8 or 15 
BR , near-label 12 
short-label 12 
regptrié 13 
memptri6 EA+16+W 
far-label 15 
memptr32 EA+23+2W 
BRK 3 50+5W [38+5W] 
imms 51+5W [39+5W] 
BRKCS 15 
BRKV 50+5W [38+5W] 
BTCLR 29 
BUSLOCK 2 
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Operand 


Mnemonic 

CALL near-proc 
regptr16 
memptr16 
far-proc 
memptr32 

CHKIND regi6, mem32 

CLRi1 CY 
DIR 
reg8, CL 
reg16, CL 
mems, CL 
mem16, CL 
reg8, imm3 
regi6, imm4 
memé, imm3 
memi6, imm4 

CMP reg8, reg8 
regi6, regi6 
reg8, mems 
reg16, mem16 
mems, reg8 
mem16, regié 
reg8, imms 
regi6, imms 
regi6, imm16 
mems, imms 
memi6, imms 
memi6, imm16 
AL, imms 
AW, imm16 

CMP4S 

CMPBK mems, mem8& 
mem16, mem16 

CMPBKB 

CMPBKW 

CMPM mems 
mem16 

CMPMB n>1 

CMPMW n>1 

CVTBD 

CVTBW 

CVTDB 

CVTWL 

DBNZ 

DBNZE 

DBNZNE 


Clocks 


21+W [17+W] 
21+W [17+W] 


EA+24+2W [EA+22+2W] 
36+2W [82+2W) . 
EA+32+4W [EA+20+4W] 


EA+24+2W 


2 
2 


8 
8 


EA+16+2W [EA+13+W] 
EA+16+2W [EA+13+W] 


7 
7 


EA+13+2W [EA+10+W] 
EA+13+2W [EA+9+W] 


2 
2 


EA+7+W 
EA+7+W 


EA+7+W 
EA+7+W 


5 
5 
6 


EA+8+W 
EA+9+W 
EA+9+W 


5 
6 


22+ (25+2W)n 


25+2W [21+2W] 
25+2W [19+2W] 


16+ (23+2W)n 
16+ (28+ 2W)n 


18+W 
19+2W 


16+ (16+W)n 
16+ (16+2W)n 
19 

3 

20 

8 

8 or 17 

8 or 17 

8 or 17 
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Instruction Clock Count (cont) 


Mnemonic 
DEC 


DI 
DISPOSE 
DIV 


DivU 


DSO: 
DS1: 
EI 
EXT 


FINT 

FPO1 
FPO2 
HALT 


INC 


INM 


INS 


LDEA 
LDM 


LDMB 
LDMW 


Operand 


reg8 
regié 


mems 
memié 


AW, reg8 
AW, mem8 


DW:AW,.regi6 
DW: AW, mem16 


AW, reg8 
AW, mem8s 


DW:AW, regi6 


‘DW: AW, mem16 


reg8, reg8 
reg8, imm4 


AL, imms 
AW, imms 


AL, DW 
AW, DW 


reg8 
regi6 


mems 
mem16 


mems, DW 
memi6, DW 


mems, DW 
mem16, DW 


reg8, reg8 
reg8, imm4 


memés 
memi16 


n>1 


n> 1 


Clocks Mnemonic 


5 ; MOV 
2 


EA+13+2W [EA+11+2W] 
EA+13+2W [EA+9+2W] 


4 
11+W 


46-56" 
EA+49+W to EA+59+W 


54-64 
EA+57+W to EA+67+W 


31 
EA+34+W 


39 
EA+43+2W 


2 
2 
12 


41-121 
42-122 


2 

55+5W [43+5W] 

55+5W [43+5W] 

N/A MOVBK . 


15+W 
15+W 


14+W 
14+W 


5 
2 


EA+13+2W [EA+11+2W] 
EA+13+2W [EA+9+2W] 


21+2W [19+2W] 
19+2W [15+2W] 


18+ (15+2W)n [18+ (13+2W)n] 
18+(13+2W)n [18+ (9+2W)n] 


63-155 
64-156 


EA+2 


13+W 
13+W 


16+(11+W)n 
16+(11+W)n 


MOVBKB 
MOVBKW 
MOVSPA 
MOVSPB 
MUL 


MULU 
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Operand 


reg8, reg8 
regi6, regi6 
reg8, mem8 
regi6, mem16 


memé, reg8 
memi6, reg16 


reg8, imms 
regi6, imm16 


memés, imm8s 
mem16, imm16 


AL, dmems 
AW, dmem16 


dmems, AL 
dmem16, AW 


sreg, regi6 
sreg, mem16 


regi6, sreg 
mem16, sreg 


AH, PSW 
PSW, AH 


DSO, reg 16, 
memptr32 
DSi, regi6, 
memptr32 


mems, mem8 
mem16, mem16 


n>1 


n>1 


regi6é 


AW, AL, reg8 
AW, AL, mems 


DW:AW, AW, 
regi6 


' DW:AW, AW, 


mem16 


regi6, regi6, 
imms 

regi6, memi6, 
imms 


reg16, regi6, 
imm16 

regi6, mem16, 
imm16 


reg8 
mems 


regi6 © 
mem16 


Clocks 


2 
2 


EA+7+W 
EA+7+W 


EA+5+W [EA+2] 
EA+S+W [EA+2] 


5 
6 


EA+6+W 
EA+6+W 


10+W 
10+W 
8+W [5] 
8+W [5] 

4 ; 
EA+9+W 


3 
EA+6+W [EA+3] 4e | 
2 


3 
EA+17+2W 


EA+17+2W 


22-+2W [17+W] 
22-+2W [19+W] 


16+(18+2W)n [16+ (18+W)n] 
16+(18-+2W)n [16 + (10+W)n] 
16 
11 


31-40 
EA+34+W to EA+43+W 


39-48 


EA+42+W to EA+51+W 


39-49 


EA+42+W to EA+52+W 


40-50 


EA+43+W to EA+53-+W 


24 
EA+27+W 


32 
EA+33+W 
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NEC 





Instruction Clock Count (cont) 





‘50 


Mnemonic Operand — Clocks — 
NEG reg8 5 
regié 5 
mems EA+13+2W [EA+10+W] 
memié EA+13+2W [EA+10+W] 
NOP 4 
NOT regs 5 
regié6 5 
mems EA+13+2W [EA+10+W] 
mem16 EA+13+2W [EA+10+W] 
NOT1 CY 2 
reg8, CL 7 
reg16, CL To, 
mems, CL EA+15+W [EA+12+W] 
memi6, CL “EA+15+2W [EA+12+W] 
reg8, imm3 6 
regi6, imm4 6 
mems, imm3 EA+12+2W [EA+9+W] 
mem16, imm4 EA+12+2W [EA+9+W] 
OR reg8, reg8 2 
reg16, regi6 2 
reg8, mems EA+7+W 
reg16, mem16 EA+7+W 
meme, reg8 EA+10+2W [EA+7+W] 
mem16, regié6 EA+10+2W [EA+7+W] 
reg8,imms 5 
regi6, imm16 6 
. memé, imms EA+11+2W [EA+9+2W] 
mem16, imm16 EA+12+2W [EA+8+2W]. 
AL, imms 5 
AW, imm16 6 
OUT imms, AL 11+W 
imms, AW 7 9+W - 
DW, AL .- 10+W 
DW, AW 8+W 
OUTM DW, mems_ 21+2W [19+2] 
DW, memi6 | 19+2W [15+2W] 
DW, mems 18+ (15+2W)n 
[18+ (13+2W)n] 
DW, mem16 18+ (18+2W)n 
[18+ (9+2W)n] 
POLL NA 
POP --regi6 W+W: - 
mem16 EA+14+2W [EA+11+W] 
DSO,1 12+W ; 
Ss 12+W 
DSO 12+W ° 
PSW 13+W 
R 74+8W [58] 





Clocks 





Mnemonic Operand. . 
PREPARE imm1i6, imms imms = 0:26+W 
: imms = 1:37+2W 
imm8 = n,n > 1:44419 
(n—1) +2Wn 
PS: 2 
PUSH ~ regi6 13+W [9+W] 
mem16 EA+16+2W [EA+12+2W] 
DS1 10+W [7] 
PS. 10+W [7] 
Ss 10+W [7] 
DSO 10+W [7] 
PSW 9+W [6] 
R 74+8W [50} 
imms 12+W [9] 
immi6 13+W [10] 
REP 2 
REPE 2 
REPZ 2 
REPC 2 
REPNC 2 
REPNE 2 
REPNZ 2 
RET null 19+W 
pop-value 19+W 
null 27 +2W 
pop-value 28 +2W 
RETI 40+3W [34+W] 
RETRBL 12 
ROL reg8 1 8 
regi6, 1 8 
memés, 1 EA+16+2W [EA+13+W] 
_ memi6, 1 EA+16+2W [EA+13+W] 
reg8, CL 11+2n 
regi6, CL 11+2n 
memés, CL EA+19+2W+2n 
; [EA + 16+W +2n] 
mem16, CL EA+19+2W+2n 
[EA+16+W-+2n], 
reg8, imms* 9+2n 
regi6, imms 9+2n 
memé, imms EA+15+2W +2n 
[EA+124+W-+2n] 
mem16, imms EA+15+2W+2n 
; [EA+12+W-+2n] 
ROL4 reg8 17 
mems EA+20+2W [EA+18+2W] 
ROLC Same as ROL 
ROR Same as ROL 


NEC 
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Instruction Clock Count (cont) 


Mnemonic 
ROR4 


RORC 
SET1 


STMB 
STMW 
STOP 
SUB 
SUB4S 


SUBC 
TEST 


Operand 
reg8 


“mems 


CY 
DIR 


reg8, CL 
regi6, CL 


mems, CL 
mem16, CL 


reg8, imm3 
regi6, imm4 


mems, imm3 
mem16, imm4 


mems 
mem16 


n>1 
n> 4 


reg8, reg8 
regi16, regi6 


reg8, mems 
reg16, mem16 


mems, reg8 
mem16, regi6 
reg8, imm8s 
reg16, imm16 
mems, imm8s 
mem16, immi6 


AL, imm8s 
AW, imm16 


Clocks 


21 
EA+26+2W [EA+24+2W] 


Same as ROL 


2 
2 


7 
7 


EA+15+2W [EA+12+W] 
EA+15+2W [EA+12+W} 


6 
6 


EA+12+2W [EA+9+W] 
EA+12+2W [EA+9+W] 


Same as ROL 
Same as ROL 
Same as ROL 
2 


13+W [10] 
13+W (10] 


16+ (9+W)n [16+ (7+W)n] 
16+ (9+W)n [16+ (6 +W)n] 
N/A : 

Same as ADD 


22+ (30+3W)n 
[22+ (28 +3W)n] 


Same as ADD 


4 
4 


EA+12+W 
EA+11+2W 


EA+12+W 
EA+11+2W 


7 
8 


EA+9+W 
EA+10+W 


5 
6 





Mnemonic Operand Clocks 
TEST1 reg8, CL 7 
" regi6, CL 7 
memés, CL EA+12+W 
mem16, CL EA+12+W 
reg8, imm3 6 
regi6, imm4 6 
memé, imm3 EA+9+W 
mem16, imm4 EA+9+W 
TRANS 11+W 
TRANSB : 11+W 
TSKSW 20 
XCH reg8, reg8 3 
regi6, regié 3 
mems, reg8/ EA+12+2W [EA+9+W] 
reg8, mems “4 . 
memi6, regi6/ EA+12+2W [EA+9+2W) 
regi6, mem16 
AW, reg16 4 
regi6, AW 4 
XOR Same as AND 
Notes: 


(1) Ifthe number of clocks is not the same for RAM enabled and RAM 
disabled conditions, the RAM enabled value is listed first, fol- 
lowed by the RAM disabled value in brackets; for example, 
EA+8+2W [EA+6+W] 


(2) Symbols in the Clocks column are defined as follows. 

EA =. additional clock cycles required for calculation of the 
effective address 
3 (mod 00 or 01) or 4 (mod 10) 
number of wait states selected by the WTC register 
number of iterations or string instructions 


Ww 
n 
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Instruction Clock Count for Operations 














Byte Word 
RAM Enable RAM Disable RAM Enable RAM Disable 
Context switch interrupt - _ 33 33 
DMA (Single-step mode) 6+2W 6+2W 6+2W 6+2W 
DMA (Demand release mode) 38+W 3+W 3+W 3+W 
DMA (Burst mode) (6+2W)n (6+2W)n (6+2W)n (6+2W)n 
DMA (Single-transfer mode) 3+W 3+W 3+W 3+W 
Interrupt (INT pin) - _ 57+3W 57+3W 
Macro service, sfr < mem 7 31+W 26+W 31+W 26+W 
Macro service, mem <= sfr 28+W 27+W 28+W 27+W 
Macro service (Search char mode), sfr «- mem . 84+W 344+W - - 
Macro service (Search char mode), mem < sfr 44+W 41+W _ _ 
Priority interrupt (Vectored mode) _- _ 55+5W 55+5W 
NMI (Vectored mode) _ _ 53 +5W 53+5W 
W = number of wait states inserted into external bus cycle 
n = number of iterations 
N = number of clocks to complete the instruction 
currently executing 
Bus Controller Latency Interrupt Latency 
Clocks Clocks 

Latnecy Mode Typ Max Source Typ Max 
Hold request Refresh active 9+3W NMI pin 12+N 18+N 

Intack active 10+2W INT pin 8+N 8+N 

No refresh or intack 7+2W Ail others 27+N 15+N 
DMA request Burst 3 14+2W 
(Notes 12) Single-step 3 14+2W 

Demand releas 3 14+2W 

Single-transfer 4 144+2W 
Notes: 


(1) The listed DMA latency times are the maximum number of clocks 
when a DMA request is asserted until DMAAK or MREQ goes low 
in the corresponding DMA cycle. 








(2) The test conditions are: no wait states, no interrupts, no mac- 
roservice requests, and no hold requests. 


NEC 


Instruction Set 
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Operation Code Flags 


Mnemonic Operand Operation , 7 6 5 4 3 2 1 #0 Bytes AC CY V P § Z 


Data Transfer 


MOV reg, reg reg + reg 100 0 1 1 sW 2 
1 $1 reg reg 
mem, reg (mem) ¢ reg 1 0 0 0 1 0 OW 2-4 
mod reg mem 
reg, mem reg < (mem) 100 0 1 1 W 2-4 
mod reg mem 
mem, imm (mem) + imm 11°40 0 1 W 3-6 
mod 0 0 mem 
reg, imm reg « imm 104141 W reg 2-3 
acc, dmem When W = 0: AL + (dmem) 1 0 1 40 0 Oo W 3 
When W = 1:AH ¢ (dmem + 1), 
AL + (dmem) 
dmem, acc When W = 0: (dmem) «+ AL 1 0 1 =#0 0 1 W 3 
When W = 1:(dmem + 1) = AH, 
(dmem) «+ AL 
sreg, reg16 sreg « regi6 sreg: SS, DSO, DS1 1 0 0 0 1 1 0 2 
1 1 +40 sreg reg 
sreg, mem16 sreg < (mem16) sreg : SS, DSO, DS1 1 0 0 0 1 1 O 2-4 
mod 0 sreg mem 
reg16, sreg reg16 «+ sreg 10 0 0 1 0 0 2 
1 1 #0 © sreg reg 
mem16, sreg (mem16) < sreg 10 0 0 1 0 0 2-4 
mod 0 sreg mem 
DSO, reg16, regié6 + (mem32), 1 1 0 0 0 0 1 2-4 
mem32 DSO < (mem32 + 2) nid reg ein 
DS1, regi6, regi6 «+ (mem32), 11 0 0 0 0 Oo 2-4 
mem32 DS1 — (mem32 + 2) fod reg ahi 
AH, PSW AH ¢ §, Z, x, AC, x, P, x, CY 1 0 1 1 1p Al 
PSW, AH S, Z, x, AC, x, P, x, CY + AH 1 Oo 1 1 1 0 1 x 
LDEA regi6, mem16 regi6 — mem16 1 0.600 1 Oo 1 2-4 
mod reg mem 
TRANS src-table © AL + (BW + AL) 1 7 1 0 1 1 1 
XCH reg, reg reg + reg 1 0 0 0 0 1 W 2 
1 1 reg reg 
mem, reg (mem) + reg 1 0 0 0 0 1 W 2-4 
Steet mod reg mem 
AW, regi6 AW # regi6 1 00 1 0 reg 1 
orreg16, AW 


53 
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Instruction Set (cont) 








. Operation Code . Flags 
Mnemonic Operand Operation 7 65 4 3 2 1 #O. Bytes AC CY V P § Z 
Repeat Prefixes 
REPC While CW = 0, the next byte of the Ot tO 20 4 0 1 


primitive block transfer instruction is 
executed and CW is decremented (-1). 
If there is a waiting interrupt, itis 
processed. When CY = 1, exitthe loop. 


REPNC While CW = 0, the next byte of the 0 11 £0 010 0 1 
primitive block transfer instruction is 
executed and CW is decremented (—1). 
If there is a waiting interrupt, itis 
processed. When CY = 0, exit the loop. 





REP . While CW = 0, the next byte of the 11 1 =°1 001 1 1 
REPE primitive block transfer instruction is 
REPZ executed and CW is decremented (—1). 


If there is a waiting interrupt, itis 
processed. If the primitive block transfer 
instruction is CMPBK or CMPM and 

Z # 1, exit the loop. 


REPNE While CW = 0, the next byte of the 11471 «1 0 01 0 1 
REPNZ primitive block transfer instruction is 

executed and CW is decremented (—1). 

If there is a waiting interrupt, itis 

processed. If the primitive block transfer 

instruction is CMPBK or CMPM and 

Z # 0, exit the loop. 





Primitive Block Transfer 


MOVBK _ dst-block, When W = 0: (IY) © (IX) 101 £0 0 1 0 W 1 
src-block DIR=O0:1IX «+ IX+1,IY<I¥+14 
DIR = 1:1X © IX-1, IY « IY-1 
When W = 1:(1Y¥ + 1, 1Y) © (IX + 1, 1X) 
DIR =0:IX-1X+2,1IY¢IY+2 
DIR = 1:1X © IX-2, IY + YY¥-2 


CMPBK _ src-biock, When W = 0: (IX) —(IY) 101 0 0 11 +W 1 x Xx xX xX XxX xX 
dst-block  DIR=0:1X © IX+4,1IY HIV +1 
DIR = 1: 1X © IX-1,1Y «+ IY-1 
When W = 1:(IX + 1, IX)-(I¥ + 1, IY) 
DIR =0:1IX + 1X+2,IY -l¥+2 
.. DIR = 1:1X © IX-2,1Y + IY-2 


CMPM dst-block When W = 0: AL—(IY) 101 0 1 $114 W 1 x Xx xX xX X xX 
DIR=0:IY «IY + 1;DIR=1:IY + 1Y-1 
When W = 1:AW-(IY + 1, lY) 
DIR =0:1¥ ¢ i¥ +2; DIR =1:1Y + IY-2 


LDM src-block When W = 0: AL ¢€ (IX) 1° 0 1.-.0 1.10 W 1 
DIR =0:1X © 1X + 1;DIR = 1:1X © IX-1 
When W = 1: AW © (IX + 1, IX) 
DIR =0:1X + IX + 2;DIR = 1:1X + IX—2 


STM dst-block When W =: (IY) © AL 1010 3140414 +W i 
DIR =0:1Y © 1Y +1;DIR=1:1Y « lY-1 
When W = 1: (IY + 1, 1Y) — AW 
DIR =0:1Y + lY+2;DIR=1:IY < 1Y-2 
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Instruction Set (cont) 
Operation Code 7 Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 #0 #4=Bytes AC CY V P § Z 
Bit Field Transfer . 
INS reg8, reg8 16-bit field — AW 0 00 0 11747 1 3 
0o1 1 0 00 1 
1 1 reg reg 
reg8, imm4 16-bit field + AW 0000 tt 4-4 4 
001 1 1 00 1 
1 10 0 0 reg 
EXT reg8, reg8 AW + 16-bit field 0 0 0 0 1 #1 17 1 3 
o o 71 1 0 O01 1 
1 $1 reg reg 
reg8, imm4 AW < 16-bit field 0 0 0 0 1141 @¢«41 4 
0 01 1 10 1 1 
110 0 0 reg 
"10 
IN acc, imm8 When W = 0: AL. (imm8) 1 11 =«0 0 10 iW 2 
When W = 1:AH ¢ (imm8 + 1), 
AL « (imm8) 
acc, DW When W = 0: AL + (DW) “ 4 14 14 ~=0 11 0W 1 
When W = 1:AH « (DW + 1), 
AL « (DW) 
OUT imms, acc When W = 0: (imm8) + AL 1 1°71 ~«0 o 11 +W 2 
When W = 1:(imm8 + 1) — AH, 
(imm8) + AL 
DW, acc When W = 0:(DW) « AL 1 1 1 =0 111 +W 1 
When W = 1:(DW + 1) © AH, 
(DW) + AL 





Primitive Block |/O Transfer 


iNM dst-block, DW = WhenW=0:(IY) « (DW) 01410 4 1 0W 1 
DIR=0:IY + IY+1 : 
DIR=1:IY + lY-1 
When W = 1:(IY + 1,1Y) ¢ 
(DW + 1, DW) 
DIR=0:1Y + lY+2 
DIR=1:IY + lY-2 


OUTM DW, src-block When W = 0: (DW) + (IX) 0 1 1 =«0 1 $1 1 +W 1 
DIR = 0:1X + IX+1 
DIR = 1:1X © IX-1 
When W = 1:(DW + 1, DW) + 
(IX + 1, IX) 
DIR = 0:1IX + IX +2 
“DIR = 1:IX ¢ IX-2 
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Instruction Set (cont) 











Operation Code Flags 
Mnemonic Operand Operation : 7 65 4 3 2 1 #0 Bytes AC CY V P $§ Z 
Addition/Subtraction 
ADD reg, reg reg + reg + reg 0 0 0 0 00 1 W 2 #»X x xX xX XxX X 

1 $1 reg reg 
mem, reg (mem) < (mem) + reg 0 00 0 0 0 0 W 2-4 x xX xX xX X X 
7 mod reg mem 
reg, mem reg + reg + (mem) : 0 00 0 00 1 W 2-4 x xX -% xX XxX X 
mod reg mem 
reg,imm reg — reg+imm 100 0 00S W 3-4 x x x XxX XxX X 
1 0 0 0 reg 
mem, imm (mem) © (mem) + imm 1 0 0 0 00S W 3-6 x x -* xX xX X 
mod 0 0O 0 mem 
acc, imm When W = 0:AL © AL + imm 0 00 0 0 10W 2-3 x x xX X XxX X 
When W = 1: AW © AW + imm 
ADDC reg, reg reg + reg + reg + CY ; 0 00 1 0 0 1 W 2 x x x xX XxX X 
_ 1 reg reg 
mem, reg (mem) « (mem) + reg + CY 0001 000W~— 2-4 x x xX X X X 
mod reg mem 
reg,mem reg « reg + (mem) + CY 0 0 0 1 0 0 1 W 2-4 x x x xX XxX xX 
mod reg. mem 
reg, imm reg « reg + imm+ CY 1 0 0 0 00S W 3-4 X x xX xX xX X 
1 Oo 1 0 reg 
mem, imm (mem) (mem) + imm + CY 100 0 0 0S W 3-6 x x x xX xX X 
mod O 1 0 mem 
acc, imm When W = 0: AL © AL + imm + CY 0 0 0 1 0 1 0W 2-3 x x xX xX X xX 
When W = 1: AW «+ AW + imm + CY 
SUB reg, reg reg « reg — reg 0 01 0 1014 W 2 Xx x xX xX xX xX 
reg reg 
mem, reg (mem) < (mem) — reg 0 01 0 100 W 2-4 x Xx x* xX XxX X 
mod reg mem 
reg, mem reg « reg — (mem) 0 0 1 0 1041 4W 2-4 X MK. Ke KX 
mod reg mem 
reg,imm reg < reg—-imm : 100 0 00:8 W 3-4 x x xX xX XxX X 
1 10 1 reg 
mem, imm (mem) — (mem) — imm 1 00 0 0 0 S W 3-6 x x % xX xX xX 
mod 1 0 1 mem 
acc, imm When W = 0: AL — AL —imm 0 01 0 1 #1 0 W 2-3 x x x*% X xX X 
When W = 1:AW «+ AW—imm | 
SUBC reg, reg reg « reg—reg—CY 0 00 1 1041 #4W 2 x Xx -% xX X X 
reg reg 
mem, reg (mem) «+ (mem) —reg—CY 0 0 0 1 100 W 2-4 x xX xX xX xX xX 
mod reg mem 
reg, mem reg « reg—(mem)—CY 000 1 101 W 2-4 Xx xX xX X X 
mod reg mem 
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Instruction Set (cont) 




















Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 #0 Bytes AC CY V P § Z@ 
Addition/Subtraction (cont) 
SUBC reg, imm reg ¢ reg—imm—CY 100 0 0 0 S W 3-4 x Xx xX xX XxX X 
ee ee ee | reg 
mem, imm (mem) < (mem) —imm—CY 1 00 0 0 0S W 3-6 Xx x x xX xX xX 
mod 0O 1 1 mem 
acc, imm When W = 0: AL «+ AL—imm-—CY 0 0 0 1 1 #1 0W 2-3 x x xX xX xX xX 
When W = 1:AW © AW-imm—CY 
BCD Operation 
ADD4S dst BCD string + dst BCD string 0 0 0 0 1 1 4 =1 2 u xX uU U U xX 
+ src BCD string 001 0 000 0 
SUB4S dst BCD string + dst BCD string 0 00 0 1 4 1 =¢71 2 u x UU U X 
— srcBCD string i oo oo 4 6 
CMP4S dst BCD string —src BCD string 0 0 0 0 1 $4141 «1 2 u x uu U xX 
0 0 1 0 0 11 0 
ROL4 —reg8_—sg AL 6 7 reg8 A 00. 00 Fa AI 3 
esverre ie aaeaiee Ay Ae oe aes 
mem8& 5 AL 0 7 iene o 9 0 0 0 1 #1 1°41 3-5 
Bits 7-4 | Bits 3-0 | its 7-4 | Bits 3-0 | Cee en eae 
mod 0O 0 0 mem 
ROR4 reg8 7 AL 0 7 reg8 0 0 0 0 0 141 4 3 
mems 7 AL 0 7 mem8 0 0 1 1414 1 3-5 
mews mod O 0O 0 mem 
BCD Adjust 


ADJBA When (AL AND OFH) > 9 or AC = 1: 0 01 1 Oo 1 1 41 1 x x uu uu 
AL + AL+6,AH + AH+1,AC <1, 
CY « AC, AL + ALAND OFH 


ADJ4A When (AL AND OFH) > 9or AC = 1: o 0 1 O Oo 1717 1 1 x xX UU xX XxX xX 
AL + AL+6,CY + CYORAC, AC < 1, 
When AL > 9FH, or CY = 1: 
AL «+ AL + 60H, CY + 1 


ADJBS When (AL AND OFH) > 9 or AC = 1: oo 7 7 1 $141 =¢7 1 x x U uU UU 
_ CY « AC, AL + ALAND OFH 


ADJ4S When (AL AND OFH) > 9 or AC = 1: 0 01 0 1 ee es | 1 x x uUu xX XxX Xx 
AL + AL—6,CY + CYORAC, AC < 1, 
When AL > 9FH, or CY = 1: 
AL « AL + 60H, CY < 1 
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Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 #0 #4=Bytess AC CY V P § Z 
Increment/Decrement 
INC reg8 reg8 < reg8 + 1 1 $1441 =41 1 14 1 =#0 2 x x XxX XxX X 
110 0 0 reg 
mem (mem) < (mem) + 1 111 «61 111 4%W 2-4 x X xX xX xX 
mod 0O 0O 0 mem 
regi6 regi6 « regi6 + 1 0 1 0 #0 0 reg 1 x Xx xX xX xX 
DEC reg8 reg8 «+ reg8 — 1 1 11461 1 $1 1 «#0 2 x xXx xX xX xX 
1 #1 0 0 1 reg 
mem (mem) —(mem)—- 1. 1 $141 «4 1 #1 14 +W 2-4 x Xx xX XxX X 
mod 0 0 1 mem 
regié reg16 — regi6 — 1 0 1 0 0 1 reg 1 x X xX xX X 
Multiplication 
MULU reg8 AW +< AL xreg8 1141 «1 0 1 1 «#0 2 u xX MX u ui ou 
AH = 0:CY + 0,V <0 1 44°40 0 reg 


AH #0:CY «+ 1,V¢< 1 


mems AW < ALx(mem8) 1 4 141 0 1 1 «#0 2-4 u x -§MK u ui u 
AH=0:CY + 0,V <0 


AH#0:CY +1,Ve1 mod 1 0 0 mem 
regi6 DW, AW < AW xreg16 111 ~«4 Oo 1 1 41 2 u Xx xX uU UU 
DW =0:CY -0,V+0 1140 +0 Teg 


DW #0:CY © 1,V<1 


mem16 DW, AW + AWx(mem16) 114 41 «1 0 1 1 ~=~41 2-4 u x -x% u uu 
DW =0:CY + 0,V<+0 
DW #0:CY + 1,V <1 


MUL reg8 AW + AL xreg8 1 1 4°41 0 1 1 =+0 2 u Xx xX uuu 
AH = ALsign expansion: CY « 0, V - 0 


AH # ALsign expansion: CY «+ 1,V <1 La Se d reg 
mems AW < ALx(mem8) 141 °1 0 11 £40 2-4 u X KX u ui iu 
AH = AL sign expansion: CY + 0, V -+ 0 
mod 1 0 1 mem 


AH # ALsignexpansion: CY «+ 1,V «1 


regi6 DW, AW < AW xreg16 ti Jat ~ plies Oo 1 1 1 2 u xX ‘XX u uu 
DW = AWsign expansion: CY « 0, V «0 
DW # AWsign expansion: CY - 1,V « 1 


mem16 DW, AW «+ AWx(mem16) 1 $414 17.0 4 1 ~«41 2-4 u xX ‘Wh uu yu 
DW = AWsign expansion: CY « 0,V «+ 0 
DW # AWsign expansion: CY «+ 1,V — 1 


regi6, regi6 < reg16 ximm8& 0 1 71 «+0 a aes 3 u xX -* UoUiuU 
regi6, Product = 16 bits: CY - 0,V +0 1 > 1 : a a : 

imms Product > 16bits: CY « 1,V «1 9 9 

regi6, regi6 — (mem16) ximm8s 0 1 141 =40 101 41 3-5 u xX §K UuU UU 
mem16, Product = 16bits: CY —0,V +0 mad Pe ei 

imms Product > 16bits: CY « 1,V <1 9 

reg16, regi6 — regi6ximm16 0 1 1 =+0 10 0 1 4 u xX -% uu ui u 
reg16, Product = 16 bits: CY + 0, V <0 i 4 = ma 

imm16 Product > 16 bits: CY « 1,V «1 9 9 

regi6, regi6 <— (mem16) ximm16 0 1 1 +0 10 0 1 4-6 u x xk uo ouieou 
mem16, Product = 16 bits: CY «+ 0, V +0 fod ‘a anid 

imm16 Product > 16 bits: CY + 1,V <1 9 
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Instruction Set (cont) 





Mnemonic Operand 


Operation Code 
Operation 


7 6 5 4 3 2 1 +O Bytes 


Flags 


AC CY Vv P $ Z 





Unsigned Division 


DIVU 


reg8 


mems 


regi6 


memi6 


temp « AW 14141 014 1 0 42 
When temp = reg8 > FFH: Fa a get ee 
(SP—1, SP—2) «+ PSW, 

(SP—3, SP —4) « PS, 

(SP-—5, SP—6) + PC, SP + SP-6, 

IE + 0, BRK < 0,PS ¢ (3, 2), PC + (1,0) 
All other times: 

AH + temp %reg8, AL « temp = reg8 


temp <— AW 1 $11 ~«1 0 1 1 #0 2-4 
When temp + (mem8) > FFH: Seige cae gm Ga ee ae 
(SP—1, SP—2) + PSW, 

(SP-3, SP—4) + PS, 

(SP—5, SP-6) + PC,SP « SP-6, 

IE + 0, BRK < 0, PS ¢ (3, 2), PC + (1,0) 
All other times: 

AH + temp % (mem8s), AL «+ temp = (mem8s) 


temp «+ AW 11 41 ~=«41 Oo 14 717 41 2 
When temp = reg16 > FFFFH: aa ee eae Pc o 
(SP—1, SP—2) « PSW, i reg 

(SP—3, SP—4) + PS, 

(SP-—5, SP—6) + PC, SP + SP-6, 

IE « 0, BRK « 0,PS «€ (3,2), PC ¢ (1,0) 
All other times: 

AH ¢ temp %regi6, AL < temp + reg16 


temp — AW BoE ts Ae Oe a oa 2-4 
When temp + (mem16) > FFFFH: See = py ge a ee 
(SP~1, SP-2) + PSW, 

(SP-3, SP—4) + PS, 

(SP—5, SP—6) + PC,SP + SP-6, 

IE + 0, BRK < 0, PS + (3, 2), PC < (1,0) 
All other times: 

AH + temp%(mem16), AL + temp = (mem16) 


c 


c 


c 





Signed Division 


DIV 


reg8 


mems 


temp « AW 1 #1 74 ~=1 o 11 40 2 
Whentemp=+reg8>Oandtemp+reg8 | , , 4  +=y 
> 7FHor temp + reg8 < Oand 

temp + reg8 <0-—7FH-1: 
(SP-1,SP-—2) + PSW, 

(SP~3, SP—4) + PS, 

(SP—5, SP—6) + PC, SP + SP-6, 

IE — 0, BRK < 0, PS « (3, 2), PC + (1,0) 
All other times: 

AH ¢ temp %reg8, AL + temp = reg8 


temp « AW 1141 1 «1 0 1 1 «#0 2-4 
When temp + (mem8) >Oand(mem8) > 
7 FHortemp + (mem8) < 0 and 

temp = (mem8) <0-7FH—1: 
(SP-—1,SP-—2) «+ PSW, 

(SP-3, SP—4) ¢ PS, 

(SP—5, SP—6) + PC, SP « SP-6, 

IE + 0, BRK «+ 0, PS ¢ (3, 2), PC ¢ (1,0) 
All other times: 

AH + temp % (mem§8), AL + temp = (mem8) 
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Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 #O Bytes AC CY V P § Z 
Signed Division (cont) 
DIV reg16 temp — DW, AW 1¢$1 4 «1 oOo 11 41 2 U u- uu UU 
When temp = reg16 > 0 andreg16 
> 7FFFH ortemp + regi6 < a ’ 19 
O-7FFFH-1: 
(SP-—1, SP—2) + PSW, 
(SP -3, SP—4) < PS, 
(SP-—5, SP—6) « PC, SP + SP-6, 
IE + 0, BRK < 0, PS + (3, 2), PC < (1,0) 
All other times: 
AH < temp %regi6, AL + temp + reg16 
mem16 temp -— DW, AW 5 ee ees | Oo 11 =¢1 2-4 u u- uu UU 
When temp = (mem16) > 0 and (mem16) 
> 7 FFFHor temp + (memi6) < 0 and a , Se 
temp + (mem16) < O—- 7FFFH-— 1: 
(SP—1, SP—2) + PSW, 
(SP—3, SP—4) ¢ PS, 
(SP—5, SP—6) + PC, SP + SP-6, 
IE « 0, BRK « 0, PS © (3, 2), PC + (1,0) 
All other times: 
AH «+ temp%(mem16), AL ~ temp = (mem16) 
Data Conversion 
CVTBD AH < AL = OAH, AL ~ AL% 0AH 1 1 0 1 0 1 0 #0 2 u uu %x% xX xX 
0 0 0 0 1 0 1 #0 
CVTDB AH <0, AL «+ AHxOAH + AL 1101 010 1 2 u uu %* xX xX 
0 0 0 0 1 0 1 #0 
CVTBW When AL < 80H: AH < 0 100 1 1 0 0 0 1 
All other times: AH «+ FFH 
CVTWL When AL < 8000H: DW + 0 1 £0 0 1 1 0 0 1 1 
Allother times: DW <« FFFFH 
Comparison 
CMP reg, reg reg—reg 00114 1 01 W 2 x xXx % xX xX xX 
: 1 #1 reg reg 
mem, reg (mem)-—reg 0 01 41 1 0 0 W 2-4 X xX -% xX X xX 
mod reg mem 
reg, mem teg—(mem) 001 1 101 4W 2-4 x xX xX X xX X 
mod reg mem 
reg, imm reg—imm 10 0 0 0 0 S W 3-4 x Xx xX xX xX xX 
. 1141 @¢4 reg 
mem, imm (mem) —imm 10 0 0 0 0 S W 3-6 x X -% XxX X xX 
mod 1 1 1 mem 
acc, imm When W = 0: AL—imm 0 0 1 1 1 #10 W 2-3 x Xx xX xX X X 


When W = 1:AW-imm 
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Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 OO £=Bytes AC CY V P § Z2 
Complement 
NOT reg reg + reg 1 + 17 4 o 11 +W 2 
1 #1 0 1 0 reg 
mem (mem) + (mem) 141414 014 1 W 2-4 
mod O 1 0 mem 
NEG reg reg «+ reg t+ 1 14141 Oo 11 4W 2 x x* xX xX XxX xX 
1101 1 reg 
mem (mem) < (mem) + 1 1 $414 71 0 1 1 #=+W 2-4 x x x xX xX X 
mod O 1 1 mem 
Logical Operation 
TEST reg, reg reg AND reg 1 0 0 0 0 1 0W 2 u 0 O .%V x xX 
1 1 reg reg 
mem, reg (mem) AND reg 100 0 0 1 0W 2-4 u oO O x x xX 
orreg, mem eae ae sar 
reg, imm reg AND imm 1117 1 0 11 +W 3-4 uU 0 O .V x x 
11 0 0 0 reg 
mem, imm (mem) AND imm 1141 41 Oo 1 1 W 3-6 u 0 QO .'V x xX 
mod 0 0 0 mem 
acc, imm When W = 0: AL AND imm8 10 1 0 100W 2-3 u Oo O .%KX x xX 
When W = 1: AW AND imm8 
AND reg, reg reg + regAND reg 0 0 0 0 0 1 W 2 u 0 O -.V. x xX 
161 reg reg 
mem, reg (mem) « (mem) AND reg 0 0 1 0 0 0 0 W 2-4 u 0 O .%. x xX 
mod reg mem 
reg,mem reg < reg AND (mem) 0 0 1 0 0 0 1 W 2-4 u 0 O .VK x xX 
mod reg mem 
reg, imm reg ¢ regANDimm 10 0 0 0 0 0 W 3-4 u 0 O -%V x xX 
11 1 #0 0 reg 
mem, imm (mem) < (mem) ANDimm 1 0 0 0 00 0 WwW 3-6 u 0 O .V. x xX 
mod 1 0 0 mem 
acc, imm When W = 0: AL — ALAND imms 0 0 1 0 0 10 W 2-3 u Oo O .%.V. x x 


When W = 1:AW «+ AWAND imm16 
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Instruction Set (cont) 
- Operation Code 
Mnemonic Operand Operation 7 6 5 4 3 2 1 =#0 Bytes AC CY V P 
Logical Operation (cont) 
OR reg, reg reg « regORreg 0 0 0 0 10314 W 2 
1 4 reg reg 
mem, reg (mem) «+ (mem) OR reg 0 0 0 0 10 0 W 2-4 
mod reg mem 
reg,mem reg « regOR (mem) 0 0 0 0 1 0 1 W 2-4 
mod reg mem 
reg, imm reg « regORimm 1 0 0 0 0 0 0 W 3-4 
1 #1 #0 #0 1 reg 
mem, imm (mem) « (mem) OR imm 1000 000W_. 36 
mod O O 1 mem 
acc, imm When W = 0: AL < ALOR imm8s 0 0 0 0 1 #1 0 W 2-3 
When W = 1:AW « AWOR imm16 
XOR reg, reg reg « reg XOR reg 001 1 0 0 1 W 2 
1 $14 reg reg 
mem, reg (mem) — (mem) XOR reg 0 0 1 1 0 00 W 2-4 
mod reg mem 
reg, mem reg « reg XOR (mem) 0 01 1 001 W 2-4 
mod reg mem 
reg, imm reg < regXORimm 10 0 0 0-0 0 W 3-4 
; 1 1 1 4 0 reg 
mem, imm (mem) «+ (mem) XORimm 1 0 0 0 0 00 W 3-6 
mod 1 1 0 mem 
acc, imm When W = 0: AL — AL XORimm8 0 0 1 1 0 10 #W 2-3 
When W = 1: AW © AW XOR imm16 
Bit Operation 
TEST1° ~reg8,CL teg8bitno.CL=0:Z «1 0 0 0 0 1 1141 =«41 3 
reg8 bitno. CL = 1:Z + 0 0 4 000 0 
1 1 0 0 0 reg 
memé, CL (mem8) bitno. CL =0:Z «+ 1 0 0 0 0 1 $141 «41 3-5 
. (mem§8) bitno. CL = 1:2 + 0 000 1 000 0 
mod 0 0 0 mem 
reg6, CL regi6bitno.CL =0:Z « 1 00011411 1 3 
reg16 bitno.CL = 1:2 <0 00 4 000 1 
1 1 0 0 0 reg 
mem16, CL (mem16) bitno. CL =0:Z + 1 0 0 i111 1 3-5 
(mem16) bitno. CL =1:Z + 0 00 14 000 1 
mod 0 0 0 mem 
reg8, imm3 reg8 bit no. imm3 = 0:Z « 1 0 0 0 0 131 14°41 4 
reg8 bitno. imm3 = 1:2 + 0 000 1 100 0 
1 #1 £0 #0 0 reg 
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Instruction Set (cont) 
Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 #£=Bytes AC CY V P § Z 
Bit Operation (cont) 
TEST1 memé, imm3 (mem8) bit no. imm3 = 0:Z + 1 0 0 1141 «7 4-6 u 0 O uu x 
(mem8) bit no. imm3 = 1:Z + 0 0 0 1 100 0 
mod 0O O 0 mem 
reg 16, imm4 reg16 bit no. imm4 = 0:Z + 1 000 0 1: de 4 4 u 0 O u_u xX 
reg16 bit no. imm4 = 1:2 + 0 0001 1001 
1 1 £0 0 0 reg 
mem16, imm4 (mem 16) bit no. imm4 = 0:2 + 1 0 0 0 0 11441 ¢41 4-6 u 0 O uu x 
(mem16) bit no. imm4 = 1:Z + 0 0001 a a 
mod 0 0 0 mem 
NOT1 reg8, CL reg8 bitno. CL + reg8 bitno. CL 0000 1411 1 41 3 
0 0 0 1 o 11 «#0 
1 $1 0 0 0 reg 
mems, CL (mem8) bitno.CL + (mem8)bitno.CL 0 00 0 14°11 1 3-5 
0 0 1 0 1 1 0 
mod 0O 0O 0 mem 
reg16, CL regi6 bitno. CL < reg16 bitno. CL 0 0 0 0 11 1 «1 3 
000 1 Oo 11 41 
1 #1 0 0 0 reg 
mem 16, CL (mem16)bitno.CL + (memié)bitno.CL 0 0 00 1%1%1 41 3-5 
0 0 0 1 0.1 1 «41 
mod 0 0O 0 mem 
reg8, imm3 reg8 bit no. imm3 « reg8 bit no. imm3 6'0 0 0.94 4-44 4 
000 1 1 #1 1 ~=«0 
1 + 0 0 0 reg 
mem8,imm3  (mem8)bitno.imm3 + (mem8)bitno.imm3 0 0 0 0 1 1 1 1 «46 
| 0 00 1 1 47 1 =#0 
mod 0O 0 0 mem 
reg 16, imm4 reg16 bit no. imm4 - reg 16 bit no. imm4 0 0 0 0 ee AN 4 
0 00 1 14 1 «1 
1 #1 0 «0 0 reg 
mem16,imm4  (mem16)bitno.imm4+(mem16)bino.imm40 0 0 0 1 141 1 1 «46 
0 0 0 1 1117 #4 
mod 0 0 0 mem 
CY CY + CY ; aS) ee | 0 10 41 1 x 
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Instruction Set (cont) 


Mnemonic Operand 
Bit Operation (cont) 
CLR1 reg8, CL 


mems, CL 


regi6, CL 


mem16, CL 


reg8, imm3 


memé, imm3 


regi6, imm4 


mem 16, imm4 


CY 
DIR 
SET1 reg8, CL 


mems, CL 


regi6, CL 


mem16, CL 
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Operation 


reg8 bitno. CL «+ 0 


(mem8) bit no. CL — 0 


regi6 bitno. CL - 0 


(mem16) bitno. CL + 0 


reg8 bitno. imm3 « 0 


(mem8) bit no. imm3 < 0 


reg16 bitno. imm4 « 0 


(mem16) bit no. imm4 «+ 0 


CY <0 
DIR +0 
reg8 bitno. CL + 1 


(memé8) bitno. CL < 1 


reg16 bitno. CL - 1 


(mem16) bitno. CL + 1 


= 
—=—f|Toro]— 


o;o 
Oo 


mod 


fo] 


Operation Code 
3 2 


5 


oO1fol/o;o;o;o ;os;oOSsol;oyoJ;Oyoloy;yolos;yoy;ojyoy;yos;Toroyol1o 


oa jo 


O1o};o;o;ToT;Tol;]ol;os;oyo]o]o 


4 


oO};}o o1;o;-;oOo/]o oOfos;j/Hyosljoyayl~oyoy;Ha ;o;o yo 


= 


oO;1o o;o};]]-sjJo}]o];+ 


= 


-"~{0O70/7/+-/0/0]/-;,O]°0° 


o;oO 


o/}]/-;oOo};oO o7oinsyzpoy;jo]y— 


1 


Flags 
Bytes AC CY V P S$ Z 


3-5 


3-5 


4-6 


4-6 


3-5 


3-5 
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Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 #0 Bytes AC CY V P S$ Z 
Bit Operation (cont) 
SET1 reg8, imm3 reg8 bitno. imm3 < 1 0 0 0 0 1-1 1 «41 4 
000 1 1 1 0 «0 
11 0 0 0 reg 
memé, imm3 (mem8) bit no. imm3 < 1 0 0 0 0 11 1 4-6 
0 00 1 1 1 0 0 
mod 0O 0 0 mem 
reg 16, imm4 reg16 bit no. imm4 < 1 00 0 0 1 #14 1 =«1 4 
0 0 0 1 1 #1 0 41 
1 1 0 0 0 reg 
mem16, imm4 (mem 16) bit no. imm4 ¢ 1 0 0 0 0 1 #1 4 #1 4-6 
0 00 1 1 1 0 1 
mod 0 0 0 mem 
CY CY + 1 Pe Aa At 1 0 0 1 1 1 
DIR DIR + 1 1111 1 10 1 1 
Shift 
SHL reg, 1 CY « MSBofreg, reg + regx2 1 41 0 1 0 00 W 2 u x XxX xX xX xX 
When MSB of reg = CY, V « 1 434 0 0 reg 


When MSB of reg = CY, V «+ 0 


mem, 1 CY «+ MSBof(mem), (mem) «+ (mem)x2 1 1 O 1 0 0 0 W 2-4 u x x XxX xX xX 
When MSB of (mem) # CY, V < 1 


When MSB of (mem) = CY,V « 0 mio of Ge" 20 Sanetn 

reg, CL temp + CL, while temp = 0, ; 1 1 0 1 0 01 W 2 u x u ™% x xX 
repeat this operation, CY « MSB of reg, 14140 0 reg 
reg + reg x2, temp «+ temp—1 

mem, CL temp « CL, while temp = 0, 110 1 0 0 1 W 2-4 u x UU XxX X X 
repeat this operation, CY — MSB of (mem), ad 4-6 0 “ain 
(mem) «+ (mem) x2, temp « temp—1 

reg, imm8 temp < immé8, while temp = 0, 1 1 0 0 0 0 0 W 3 u xX UuU xX xX xX 
repeat this operation, CY + MSBof reg, i. 4 6 0 reg 
reg ¢ regx2, temp < temp—1 

mem, imm8 temp + imm8, while temp = 0, 1 1 0 0 0 00 W 3-5 rT) x Uu xX xX xX 


repeat this operation, CY + MSB of (mem), = 


(mem) «< (mem) x 2, temp < temp—1 Ot eS ? oe 
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Operation Code Flags 
Mnemonic Operand Operation 765 4 3 2 1 0 Bytes AC CY V P S$ Z 
Shift (cont) 
SHR reg, 1 CY «+ LSBofreg,regereg=+2 1 1°40 0 0 OW 2 u x x xX XxX X 
When MSB of reg = bit following MSB 
1641 1 reg 
ofreg:V + 1 
When MSB of reg = bit following MSB 
ofreg:V + 0 
mem, 1 CY «+ LSBof(mem),(mem) + (mem)+2 1 1 0O 0 Oo W 2-4 u x x xX X X 
When MSB of (mem) = bit following MSB iba 1 mani 
of (mem):V + 1 
When MSB of (mem) = bit following MSB 
of (mem): V <- 0 
reg, CL temp < CL, while temp = 0, 1 #1 =#0 0 1 sW 2 u x u x xX xX 
repeat this operation, CY « LSB of reg, 
; fe 1 1 1 reg 
reg « reg + 2, temp «+ temp—1 
mem, CL temp < CL, while temp = 0, 1 #1 =«0 0 1 W 2-4 u xX uUu -™% xX xX 
repeat this operation, CY «+ LSB of (mem), 
y mod 1 mem 
(mem) + (mem) = 2, temp « temp—1 
reg, imm8 temp < immé8, while temp = 0, 11 £40 0 Oo OW 3 u xX ‘Ui xX xX xX 
repeat this operation, CY + LSB ofreg, 1 
; 1 1 reg 
reg + reg + 2, temp « temp—1 
mem, imms temp < imm8, while temp = 0, 1 #1 #0 0 0 W 3-5 u xX uUu %-* xX xX 
repeat this operation, CY + LSBof (mem), 
(mem) = (mem) = 2, temp < temp—1 eet ! men 
SHRA reg, 1 CY + LSBofreg, reg + reg+2,V +0 1 1 #0 0 Oo W 2 u x O xX XxX xX 
MSB of operand does not change eae 1 reg 
mem, 1 CY + LSBof(mem), (mem) «+ (mem)+2, 1 1 0 0 Oo W 2-4 u x O %VX x xX 
V « 0, MSB of operand does not change mod 4 { en 
reg, CL temp < CL, while temp = 0, 1 #1 =#0 0 1 W 2 u xX U xX XxX X 
repeat this operation, CY + LSB of reg, 
: + 1°41 1 reg 
reg + reg + 2, temp « temp—1 
MSB of operand does not change 
mem, CL temp ¢ CL, while temp = 0, 1 #1 £=#«0 0 1 ésW 2-4 U xX UX X xX 
repeat this operation, CY + LSB of (mem), 
; mod 1 1 mem 
(mem) < (mem) = 2, temp <— temp—1 
MSB of operand does not change 
reg, imms temp < imm8, while temp = 0, 1 1 £40 0 Oo W a) u x UU -% XxX X 
repeat this operation, CY — LSB of reg, 
. ; 1 1 1 reg 
reg « reg + 2, temp <« temp=—1 
MSB of operand does not change 
mem, imm8& temp < imm8, while temp = 0, 1 #1 =#0 0 Oo W 3-5 u xX UU % xX xX 
repeat this operation, CY <— LSB of (mem), riod 1 nani 
(mem) — (mem) = 2, temp — temp—1 
MSB of operand does not change 
Rotation 
ROL reg, 1 CY «+ MSBofreg, reg < regx2 + CY 1 1 =#0 0 00 W 2 x xX 
MSB ofreg # CY: V + 1 1 4.0 0 a 
MSB ofreg = CY:V «+ 0 g 
mem, 1 CY «+ MSBof (mem), 1 $1 £0 0 0 0 W 2-4 x xX 
(mem) « (mem)x2+ CY med? 6 0 Sin 


MSB of (mem) # CY: V < 4 
MSB of (mem) = CY: V «0 
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Instruction Set (cont) 








Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 #O Bytes AC CY V P $§$ Z 
Rotation (cont) 
ROL reg, CL temp « CL, while temp = 0, 1-0) 20° A= 30 OW 2 x ou 
repeat this operation, CY + MSB of reg, Pa er ae ae 


reg + regx2+ CY, 
temp < temp—1 


mem, CL temp « CL, while temp = 0, 1 1 0 1 0 0 1 W 2-4 X oU 
repeat this operation, CY « MSBof (mem), 


(mem) «+ (mem) x2 + CY, re ? : be 
temp < temp-—1 
reg, imm8 temp «+ imm8, while temp = 0, 11 0 0 000 W 3 xX ou 
repeat this operation, CY — MSB of reg, 
reg ¢ regx2+CY, A ou ee ° rg 
temp « temp-1 
mem, imm8 temp + imm8, while temp = 0, 1 1 0 #0 0 00 W 3-5 xX ou 
repeat this operation, CY + MSBof (mem), 
(mem) «+ (mem) x2 + CY, meee 5) 0 G Ta 
; temp < temp-—1 
ROR reg, 1 CY + LSBofreg, reg « reg = 2, 1 1 0 1 0 0 0 W 2 x xX 
MSBofreg + CY + 100 { reg 





MSB of reg = bit following 
MSBofreg: V + 1 
MSB of reg = bit following 
MSB ofreg: V + 0 


mem, 1 CY «+ LSBof(mem),(mem) «(mem)+2, 1 1 O 1 0 0 0 W 2-4 xX Xx 
MSB of (mem) < CY, Taare a pape ee ee 
MSB of (mem) = bit following 
MSB of (mem): V <.1 
MSB of (mern) = bit following 
MSB of (mem): V «+ 0 


reg, CL temp + CL, while temp = 0, Ty A Oe 0 0 1 W 2 x ou 
repeat this operation, CY + LSBof reg, aa a 
reg + reg + 2, MSBofreg + CY, 
temp «+ temp—1 


mem, CL temp ¢ CL, whiletemp = 0, 110 1 0 0 1 W 2-4 xX ou 
repeat this operation, CY « LSB of (mem), 


(mem) « (mem) = 2, MSB of (mem) + CY, meee ee : ee 
temp «+ temp—1 
reg, imm8 temp < imm8, while temp = 0, 11 0 0 0 0 0 W 3 xX U 
repeat this operation, CY + LSBofreg, 
reg + reg + 2, MSBofreg + CY, Vt ae } reg 
temp — temp—1 : 
mem, imm8 temp + immé, while temp = 0, 11 0 0 0 0 0 W 3-5 x ou 


repeat this operation, CY « LSBof (mem), e 
(mem) «+ (mem) = 2, 
temp «+ temp—1 


od O O 1 mem 
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Instruction Set (cont) 
Operation Code , Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V P § Z 
Rotate 
ROLC reg, 1 tmpcy « CY, CY « MSBofreg, 110 1 0 0 0W 2 x xX 
reg + regx2 + tmpcy 14101 #O- te 


MSB of reg = CY: V + 0 
MSB of reg # CY: V + 1 


mem, 1 tmpcy + CY, CY — MSB of (mem), 110 1 0 0 0 W 2-4 x xX 
(mem) < (mem) x2 + tmpcy Tats ee a te Nee ee 
MSB of (mem) = CY: V «+ 0 
MSB of (mem) # CY:V < 1 


reg, CL temp < CL, while temp = 0, 11 0 1 0 0 1 W 2 xX U 
repeat this operation, tmpcy + CY, Ee km eee oe ee 
CY + MSBofreg, reg + regx2 + tmpcy, 
temp « temp—1 


mem, CL temp < CL, while temp = 0, 1°11 041 0 0 1 W 2-4 xX U 
repeat this operation, tmpcy « CY, 


mod O 1 0 mem 


CY < MSBof (mem), meds ° nan 
(mem) < (mem) x2 + tmpcy, 
temp < temp-1 
reg, imm8s temp « immé8, while temp = 0, 1 #1 0 0 0 0 0 W 3 x ou 
repeat this operation, tmpcy « CY, 101 0 me 
CY « MSBofreg, reg + regx2 + tmpcy, g 
temp < temp—1 
mem, imms temp < immé, while temp = 0, 1 $1 £0 «0 0 0 0 W 3-5 xX ou 
repeat this operation, tmpcy < CY, ined. <0: 4 0 ae 


CY + MSBof(mem), 
(mem) + (mem) x2 + tmpcy 
temp « temp—1 


RORC reg, 1 tmpcy « CY, CY + LSBofreg, 1 #10 1 000 W 2 xX xX 
reg + reg + 2, MSBofreg + tmpcy, oe ae samt amar aaa) ema PY a 
MSBofreg = bit following a reg 
MSB ofreg: V < 1 
MSB of reg = bit following 
MSB of reg: V « 0 


mem, 1 tmpcy « CY, CY «+ LSBof(mem), 1 #1 0 1 0 0 0 W 2-4 Xo eX 
(mem) © (mem) = 2, Tg ap te eee AA 
MSB of (mem) < tmpcy, 
MSB of (mem) = bit following MSB 
of (mem): V <1 
MSB of (mem) = bit following MSB 
of (mem): V <0 

reg, CL temp < CL, while temp = 0, 11 04 00 1 W 2 xX oU 
repeat this operation, tmpcy < CY, Sian ae eas ae eee =e 
CY « LSBofreg, reg ¢ reg = 2, 
MSB ofreg « tmpcy, temp < temp—1 


mem, CL temp « CL, while temp = 0, 1 $1 0 1 0 01 W 2-4 x U 
repeat this operation, tmpcy < CY, 


mod O 1 1 mem 


CY + LSBof (mem), (mem) + (mem) + 2, med Oa ‘ bck 
MSB of (mem) <= tmpcy, temp «+ temp—1 
reg, imm8 temp < imm8, while temp = 0, 1 #1 £0 0 0 00 W 3 X ou 
repeat this operation, tmpcy « CY, 
CY « LSBofreg, reg < reg = 2, oe ENA ‘ reg 
MSBofreg < tmpcy, temp < temp—1 
mem, imm8 temp < immé8, while temp = 0, 1 $10 0 0 0 0 W 3-5 xX ou 


repeat this operation, tmpcy « CY, 
CY +« LSB of (mem), (mem) < (mem) = 2, 
MSB of (mem) < tmpcy, temp < temp—1 


mod O 1 1 mem 
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Instruction Set (cont) 
Operation Code Flags 
Mnemonic Operand Operation 7 6 5 4 3 2 1 #0 Bytes AC CY V P § Z 
Subroutine Control Transfer 
CALL near-proc (SP-1, SP—2) + PC, SP + SP-2, 11 1 =«0 1 0 0 0 3 
PC «+ PC + disp 
regptrié6 (SP-1, SP~—2) + PC, SP + SP-2, 111 £¢41 1 14 1 ~¢1 2 
PC ¢€ regptr16 4 409 4 0 reg 
memptri6 (SP-1,SP—2) + PC, SP + SP-2, 14447 #444 1 2-4 
PC < (memptr16) Gand. Od Oe ae 
far-proc (SP—1, SP—2) « PS, 100 1 1 0 1 #40 5 


(SP-3, SP—4) + PC, 
SP «+ SP—4,PS < seg, PC < offset 


memptr32 (SP—1,SP—2) + PS, ee: Sie, oe ie ae ae aR | 2-4 
(SP-3, SP—4) + PC, Pech: tee fee ae ee 








SP « SP—4,PS + (memptr32 + 2), mee ey A ee 
PC ¢ (memptr32) 
RET PC + (SP +1,SP),SP «+ SP +2 110 0 0 01 1 1 
pop-value PC + (SP + 1, SP), 1 1 0 0 0 01 0 3 
SP + SP + 2,SP «+ SP + pop-value 
PC + (SP+1,SP),PS + (SP+3,SP+2), 1 1 0 0 101 1 1 
SP + SP +4 
pop-value PC + (SP+1,SP),PS + (SP+3,SP+2), 1 1 0 0 101 0 3 
SP + SP+ 4,SP < SP + pop-value 
Stack Manipulation 
PUSH mem16 (SP—1,SP—2) + (mem16), 1 1 14 «1 1). he A 2-4 
Shere mod 1 1 0 mem 
regi6 (SP—1, SP-—2) + reg16, SP + SP-2 0 1 0 1 0 reg 1 
sreg (SP—1,SP-—2) «+ sreg, SP + SP—2 0 0 0 sreg 1 141 #0 1 
PSW (SP—1,SP-—2) + PSW, SP «+ SP-2 1 0 0 1 110 0 1 
R Push registers on the stack o 1 1 +0 0 00 0 1 
imm (SP~1,SP-2) <« imm, 0 41 1 =«0 10 S$ 0 2-3 
SP «+ SP~2, When S = 1, sign extension 
POP mem16 (mem16) + (SP + 1,SP),SP + SP +2 1 00 0 111 41 2-4 
mod 0O 0 0 mem 
reg16 regi6 + (SP + 1,SP),SP + SP +2 o 1 0 1 1 reg 1 
sreg sreg ¢ (SP + 1,SP),sreg:SS,DSO,DS1 O O O sreg 1 141 1 1 
SP + SP+2 
PSW PSW «+ (SP +1,SP),SP + SP+2 100 1 1 $10.41 1 R R R R RR 
R Pop registers from the stack 01 1 +0 00 0 1 1 
PREPARE immi6, imm8 Prepare new stack frame 11 0 0 100 0 4 
DISPOSE Dispose of stack frame 110 0 100 1 1 
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Instruction Set (cont) 


Mnemonic Operand 


Branch 
BR near-label 
Short-label 
regptr16 
memptr16 
far-label 
memptr32 
Conditional Branch 
BV short-label 
BNV short-label 
BC, BL. short-label 
BNC, BNL short-label 
BE, BZ short-label 
BNE, BNZ short-label 
BNH ___ short-label 
BH short-label 
BN short-label 
BP short-label 
BPE short-label 
BPO short-label 
BLT short-label 
BGE short-label 
BLE short-label 
BGT short-label 
DBNZNE - short-label 
DBNZE _ short-label 
DBNZ short-label 
BCWZ short-label 
BTCLR sfr,imm3, 
-short-label 
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Operation 


PC + PC + disp 
PC + PC + ext-disp8 
PC ¢ regptrié6 


PC <— (memptr16) 


PS + seg, PC < offset 


PS <— (memptr32 + 2), 
PC < (memptr32) 


ifV=1,PC « PC + ext-disp8 

if V=0,PC + PC + ext-disp8 

if CY = 1,PC + PC + ext-disp8 

if CY =0,PC + PC + ext-disp8 
ifZ=1,PC + PC + ext-disp8 
ifZ=0,PC + PC + ext-disp8 
ifCYORZ=1,PC + PC + ext-disp8 
if CY ORZ=0, PC + PC + ext-disp8 
ifS=1,PC + PC + ext-disp8 
ifS=0,PC + PC + ext-disp8 

ifP =1,PC + PC + ext-disp8 

ifP =0, PC + PC + ext-disp8 
ifSXORV=1,PC + PC + ext-disp8 
ifSXORV=0,PC + PC + ext-disp8 


oO;/o};o;o;}o;oy;yo;o;ol;o};o;o];o 


0 


if(SXORV)ORZ= 1,PC - PC + ext-disp8 0 
if(S XOR V)ORZ=0,PC «+ PC + ext-disp8 0 


CW + CW-1 
ifZ =Oand CW #0, PC « PC + ext-disp8 


CW «- CW-1 

ifZ = 1 and CW #0, PC < PC + ext-disp8 
CW «+ CW-1 

if CW #0,PC + PC + ext-disp8 

if CW = 0, PC + PC + ext-disp8 


if bit no. imm3 of (sfr) = 1, 
PC. + PC + ext—disp8, 
bitno. imm3 or (sfr) + 0 


1 


ato foafeae pe fe pe jp oe] ee 


_ 


Operation Code 
§ 4 3 2 
1 1 

1 0 1 

1 1 1 $1 
1 0 0 
1°61 11 
1 °#0 0 

1 #0 1 0 
14 1 $1 
1 #0 1 

1 #1 0 0 
1 $1 0. ~0O 
1 1 0 0 
1 1 0 0 
1 $1 Oo 1 
1 $1 o 1 
1 1 Oo 1 
1 $1 Oo 1 
1 1 1 0 
1 $1 1 0 
1 $1 1:0 
1 1 1 0 
: ae 1 $41 
1°61 1 1 
1 $1 1 1 
1°61 1 1 
1 0 0 0 
1 #0 0 0 
1 0 0 0 
1 0 0 


reg 


mem 


mem 


olo]-jAalolo = 


=a | ao 


o1°o 


_ 


Bytes 


2-4 


2-4 


NINN IN ENT NENT NIN IN ITNINITNT TNT MTN] NM 


Flags 
AC CY V P S$ Z 
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Instruction Set (cont) 


HPD70335 (V35 Plus) 





Mnemonic Operand 


Interrupt 
BRK 3 
imm8 
(#3) 
BRKV 
RET! 
RETRBI 
FINT 
CHKIND _ reg16, 
mem32 
CPU Control 
HALT 
STOP 
BUSLOCK 
FPO1 fp-op 
(Note 1) 
fp-op, mem 
FP02 fp-op 
(Note 1) 
fp-op, mem 
Notes: 


Operation 


(SP-1, SP—2) + PSW, 

(SP-3, SP-4) + PS, 

(SP—5, SP-6) + PC, SP + SP-6, 
IE + 0, BRK «+ 0, 

PS ¢ (15, 14), PC < (13, 12) 


(SP-—1,SP-—2) + PSW, 

(SP-3, SP—4) + PS, 

(SP—5, SP—6) + PC, SP + SP-6, 
IE + 0, BRK «+ 0, 

PC + (nx4+1,nx4), 

PS € (Nnx4+3,nx4+ 2)n=imm8 


When V = 1 

(SP—1,SP-—2) - PSW, 

(SP-—3, SP—4) + PS, 

(SP—5, SP—6) < PC,SP «+ SP-6, 
IE + 0, BRK <0, 

PS © (19, 18), PC © (17, 16) 


PC + (SP +1, SP), 

PS + (SP +3, SP + 2), 
PSW + (SP +5,SP + 4), 
SP «+ SP+6 


PC «+ Save PC, PSW + Save PSW 


Indicates that interrupt service routine 
to the interrupt controller built in the 
CPU has been completed 


When (mem32) > reg16 or 

(mem32 + 2) < reg16 
(SP-—1,SP-—2) + PSW, 

(SP-—3, SP—4) + PS, 

(SP-5, SP—6) + PC, SP + SP-6, 
IE + 0, BRK <0, 

PS + (23, 22), PC < (21, 20) 


CPU Hait 
CPU Halt 


Bus Lock Prefix 


No Operation 


data bus + (mem) 


No Operation 


data bus + (mem) 


(1) Does not execute but does generate an interrupt. 


Operation Code 
7 6 5 4 3 2 
110 0 1 1 
1 1 £0 °0 1 1 
1 $41 0 0 1 1 
1 1 0 #0 1 $1 
0 00 0 1 1 
100 1 0 0 
0 00 0 1 1 
10 0 1 0 0 
Oo 1 1 #0 0 O 
_ mod reg 

Lot ocd oO 14 
0 0 0 0 1 1 
1 01 41 1 1 
1 1 41 «4 0 0 
110 41 1 X 
5 i een a Y Z 
110 41 1 X 
mod Y Y Y 

o 1 1 40 0 61 
We Ae O¥ereo¥ Y Z 
0 11 £=0 0 1 
mod Y Y Y 


1 


mem 


— 


xINExX 1° 


mem 


_ 


mem 


0 


_ 


XINITX[Olo 


mx IN |X 


Flags 


Bytes AC CY V P S Z 


1 ne 42 | 


R R R R R 


2-4 


71 


uPD70335 (V35 Plus) 


NEC 





Instruction Set (cont) 


Mnemonic Operand Operation 
CPU Control (cont) 

POLL Poll and Wait 
NOP No Operation 
DI lE+0 

El IE <1 

DSO; DS1; Segment Override Prefix 
PS;SS 

Register Bank Switching 

MOVSPA 

BRKCS __ regi6 


MOVSPB _regié6 


TSKSW regi6é 
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_ 


ofjalaju 


O;/o;}o};o};o 


oj; / A ]Ol}o 


oO;7o;o1o;o|o 


o7;70oO]-+ 


Operation Code 
5 4 3 2 
1 1 0 
1 0 0 
1 #1 1 0 
1 1 1 0 
1 sreg 1 
0 0 1 14 
10 0 1 
0 O 1 1 
1 0 1 1 
0 0 1 $1 
0 1 Oo 1 
1 1 1 
0 0 1 1 
0 1 0 1 
1 $1 1 


_— 


=— 


-|O]0 


Flags 
Bytes AC CY V P $§$ Z 
1 
1 
1 
1 
1 
2 
3 
3 
3 xX xX xX xX xX xX 


NEC 


NEC Electronics Inc. 


Description 


The pPD70327 (V25 Software Guard) is a_high- 
performance, 16-bit, single-chip microcomputer with an 
8-bit external data bus. The »PD70327 is fully software 
compatible with the »PD70108/116 (V20®/30®) as weil as 
the 4»PD70320/330 (V25™/35™). 


The »PD70327 allows external executable code to be 
encrypted by a user-defined translation table. The 
pPD70327 will automatically decode the encrypted op- 
codes internally before the instructions are moved into 
the instruction execution register As a result, the 
uPD70327 offers identical performance to the standard 
V25 even during security mode operation. The security 
feature may be selected by hardware and/or software, 
and may be switched from one state to the other under 
software control. 


The w»PD70327 has the same complement of internal 
peripherals as the standard V25 and maintains compat- 
ibility with existing drivers. Other than the additional 
mode select pin, the 4PD70327 also maintains pin com- 
patibility with other members of the standard V25 family. 


Note:The electrical specifications of the V25 Software 
Guard and the standard V25 are the same. The instruc- 
tion sets are also the same except for (BRKS and BRKN 
added to contro! the Security and Normal operational 
modes. For electrical specifications and standard in- 
structions, refer to the wPD70320/322 (V25) Data Sheet. 


Features 


Security and normal operational modes 
System clock speeds to 8 MHz (16-MHz crystal) 
16-bit CPU and internal data paths 

Functional compatibility with V25 

Software upward compatible with ».PD8086 
New and enhanced V-Series instructions 

6-byte prefetch queue 

Two-channel on-chip DMA controller 

Minimum instruction cycle: 250 ns at 8 MHz 


Oo O88 80 00 868 0808 0 0 


V20 and V30 are registered trademarks of NEC Corporation. 
V25 and V35 are trademarks of NEC Corporation. 


50185-1 


uMPD70327 (V25 Software Guard) 
16-Bit Microcomputer: 


Software-Secure, Single-Chip, CMOS 


© Internal 256-byte RAM memory 
QO 1-megabyte memory address space; 64K-byte I/O 


space 
Eight internal RAM-mapped register banks 


QO Four multifunction 1/O ports 


— 8-bit analog comparator port 
— 20 bidirectional port lines 
— Four input-only port lines 


QO Two independent full-duplex serial channels 


Oo oO O08 0 Q 


Priority interrupt controller 
— Standard vectored service 
— Register bank switching 
— Macroservice 


Pseudo SRAM and DRAM refresh controller 
Two 16-bit timers 

On-chip time base counter 

Programmable wait state generator 

Two standby modes: STOP and HALT 





Ordering Information 


Part Number Clock (MHz) Package 
#PD70327L-8-xxx 84-pin PLCC 
GJ-8-xxx 8 94-pin plastic QFP 


yPD70327 (V25 Software Guard) 





Pin Configurations 
84-Pin PLCC 


P07/CLKOUT PT7 
Do PT4 
D3 ; PT3 
D4 PT2 
Ds PT1 
Dg PTO 
D7 ; P17 /READY 
Ao P16 /SCKO 
Ay PisTOUT _ 
ao Pta/INT/POUL_ 
Ag P1g /INTP2/INTAK 
Aa Pia /iNTP1 
AS P14 /INTPO 
Ag P19 /NMI 
Az P27 /HLDRQ 
Ag P2g /HLDAK 
Ag P25 /TC4 
Aio P24 /DMAAK1 
Aaj P2g /DMARQ1 


P22/TCO L] 52 


P29/DMARQO L} 48 
P24 /DMAAKO CJ 51 


Notes: 


(1) Pin functions are identical to 1.PD70320. 


(2) All IC pins should be tied together and pulled up to Vv Dp witha 
10- to 20-kQ resistor. 


83SL-7039B 





uPD70327 (V25 Software Guard) 





94-Pin Plastic QFP 


7310 Po7/CLKOUT 


A12 
NC 
A13 
A14 
A15 
A16 
A17 
A18 
Aig 
RxDO 
GND 
CTSO 
TxDO 
RxD1 
CTS1 
TxD1 
P29 /DMARQO 


aoanononrh WN ~ 





P21 /DMAAKO 
NC 
P22/TCO 


P25 /TC1 (] 27 
P2g /HLDAK [] 28 
P27/HLDRQ (J 29 

Pt, /INTPO 
P12 ANTP1 [ 32 
P13 /INTP2/INTAK C] 33 
Pig ANT/POLL (J 34 
P15 TOUT [J] 35 
P& /SCKO [J 36 
P17 /READY [J 37 


P24 /DMARQ1 C] 25 
P24 /DMAAK1 C] 26 


Notes: 
(1) Pin functions are identical to 1.PD70320. 


(2) Ail IC pins should be tied together and pulled up to V pp with a 
10- to 20-kQ resistor. 


833! L-70408 





uPD70327 (V25 Software Guard) 


Pin Identification 


Symbol 


Ao-Aig 
€Tso 





P0o-P0g 


P07; 
CLKOUT 


P1o/NMI 


P14-P1o/INTPO- 
INTP 


Pta/INTP2/INTAK 





P14/INT/POLL 
P15/TOUT 
P16/SCKO 
P17/READY 
P2o/DMARQO 
P24/DMAAKO 
P2./TCO 
P23/DMARQ1 
P2,/DMAAKT 
P2s/TC1 
P2./HLDAK 
P27/HLDRQ 
PTO-PT7 
REFRQ 
RESET 
RxDO 

RxD1 

RAW 

TxDO 

TxD1 

X1, X2 





Vpp 

VTH 

GND 
Ic 


Function 
Address bus output 


Clear to send channel 0 input (Asyne mode); 
Receive clock input/output (I/O interface mode) 


Clear to send channel 1 input 
Bidirectional data bus 

/O read or write strobe output 

Memory request output 

Memory read/write strobe output 
Normal mode/security mode select input 
V/O port 0 

I/O port 0; System clock output 


Port 1 input line; Nonmaskable interrupt input 


Port 1 input lines; External interrupt input lines 


Port 1 input line; External interrupt input line; 
Interrupt acknowledge output 


V/O port 1; Interrupt request input; Poll input 
/O port 1; Timer out 

I/O port 1; Serial clock output 

/O port 1; Ready input 

/O port 2; DMA request 0 input 

/O port 2; DMA acknowledge 0 output 
/O port 2; DMA terminal count 0 output 
1/0 port 2; DMA request 1 input 

/O port 2; DMA acknowledge 1 output 
/O port 2; DMA terminal count 1 output 
\/O port 2; Hold acknowledge output 
/O port 2; Hold request input 
Comparator port input lines 

DRAM refresh pulse output 

Reset input 

Serial receive data channel 0 input 
Serial receive data channel 1 input 
Read cycle/write cycle ID output 

Serial transmit data channel 0 output 
Serial transmit data channel 1 output 
Crystal connection terminals 

+5-volt power supply; connect both pins 
Threshold voltage input 

Ground reference; connect both pins 


Internal connection 


NEC 


PIN FUNCTIONS 
Ao-Ai9 (Address Bus) 


AgAig is the 20-bit address bus used to access all 
external devices. 


CLKOUT (System Clock) 


This is the internal system clock. It can be used to 
synchronize external devices to the CPU. 


CTSn, RxDn, TxDn, SCKO (Clear to Send, 
Receive Data, Transmit Data, Serial Clock Out) 


The two serial ports (channels 0 and 1) use these lines 
for transmitting and receiving data, handshaking, and 
serial clock output. 


Do-D7 (Data Bus) 


Do-D7 is the 8-bit external data bus. 


DMARQn, DMAAKn, TCn (DMA Request, DMA 
Acknowledge, Terminal Count) 


These are the control signals to and from the on-chip 
DMA controller. 


HLDAK (Hold Acknowledge) 


The HLDAK output (active low) informs external devices 
that the CPU has released the system bus. 


HLDRQ (Hold Request) 


The HLDRQ input (active high) is used by external 
devices to request the CPU to release the system bus to 
an external bus master. The following lines go into a 
high-impedance status with internal 4.7-kQ pullup resis- 
tors: Ag-Ayg, Do-D7, MREQ, R/W, MSTB, REFRQ, and 
IOSTB. 











INT (Interrupt Request) 


INT is a maskable, active-high, vectored interrupt re- 
quest . After assertion, external hardware must provide 
the interrupt vector number. 


The INT pin allows direct connection of slave »PD71059 
interrupt controllers. 


INTAK (Interrupt Acknowledge) 


After INT is asserted, the CPU will respond with INTAK 
(active low) to inform external devices that the interrupt 
request has been granted. 


INTPO-INTP2 (External Interrupt) 


INTPO-INTP2 allow external devices to generate inter- 
rupts. Each can be programmed to be rising or falling 
edge triggered. . 


IOSTB (I/O Strobe) 


IOSTB is asserted during read and write operations to 
external I/O. 


MREQ (Memory Request) 


MREQ (active low) informs external memory that the 
current bus cycle is a memory access bus cycle. 


MSTB (Memory Strobe) 


MSTB (active low) is asserted during read and write 
operations to external memory. 


NMI (Nonmaskable Interrupt) 


NMI cannot be masked through software and is typically 


used for emergency processing. Upon execution, the 
interrupt starting address is obtained from interrupt . 
vector number 2. NMI can release the standby modes . 
and can be programmed to be either rising or falling 


edge triggered. 
N/S (N Mode/S Mode) 


Normal or security mode is selected by a fixed high level 
(N) or low level (S) at this pin. This pin is sampled at 
system reset. 


P0o-P07 (Port 0) 


P09-P07 are the lines of port 0, an 8-bit bidirectional 
parallel I/O port, specifiable by bit. 


P19-P17 (Port 1) 


The status of P19-P13 can be read but these lines are 
always control functions. P14-P17 are the remaining lines 
of parallel port 1; each line is individually programmable 
as either an input, an output, or a control function. 


P29-P27 (Port 2) 


P29-P27 are the lines of port 2, an 8-bit bidirectional 
parallel I/O port specifiable by bit. The lines can also be 
used as control signals for the on-chip DMA controller. 


POLL (Poll) 


Upon execution of the POLL instruction, the CPU checks 
the status of this pin and, if low, program execution 
continues. If high, the CPU checks the level of the line 
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every five clock cycles until it is low. POLL can be used 
to synchronize program execution to external condi- 
tions. 


PTO-PT7 (Comparator Port) 


PTO-PT7 are inputs to the analog comparator port. 


READY (Ready) 


After READY is de-asserted low, the CPU synchronizes 
and inserts at least two wait states into a read or write 
cycle to memory or I/O. This allows the processor to 
accommodate devices whose access times are longer 
than nominal »PD70325 bus cycles. 


REF RQ (Refresh) 


This active-low output pulse can refresh nonstatic RAM. 
It can be programmed to meet system specifications 
and is internally synchronized so that refresh cycles do 
not interfere with normal CPU operation. 


RESET (Reset) 


A low on RESET resets the CPU and all on-chip periph- 
erals. RESET can also release the standby modes. After 








RESET returns high, program execution begins from 


address FFFFOH. 


R/W (Read/Write) 


RW output allows external hardware to determine if the 
current operation is a read or a write cycle. It can also 
control the direction of bidirectional buffers. 


TOUT (Timer Out) 


TOUT is the square-wave output signal from the internal 
timer. 


X1, X2 (Crystal Connections) © 


The internal clock generator requires an external crystal 
across these terminals. By programming the PRC regis- 
ter, the system clock frequency can be selected as the 
oscillator frequency (fogc) divided by 2, 4, or 8. 


Vpp (Power Supply) 


Two positive power supply pins (Vpp) reduce internal 
noise. 
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Vru (Threshold Voltage) — -. GND (Ground) 


The comparator port uses this pin to ‘determine the Two ground connections reduce internal noise. 
analog reference point. The actual threshold to each 
comparator line is programmable to V4x n/16 wheren Ic (Internal Connection) 


=1 to 16. a AIlLIC pins should be tied together and pulled up to Voo 
. : with a 10- to 20-k0 resistor. 
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FUNCTIONAL DESCRIPTION 


The following architectural enhancements enable the 
u.PD70327 to perform high-speed execution of instruc- 
tions. 


Dual internal data bus 

16- and 32-bit temporary registers/shifters 
16-bit loop counter 

Program counter and prefetch pointer 


Dual Data Bus 


The »PD70327 has two internal 16-bit data buses, main 
and secondary. This reduces the processing time re- 
quired for addition/subtraction and logical comparison 
instructions by one third over single-bus systems. The 
dual data bus method allows two operands to be fetched 
simultaneously from the general-purpose registers and 
transferred to the ALU. 
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16- and 32-Bit Temporary Registers/Shifters . 


The 16-bit temporary registers/shifters (TA and TB) allow 
high-speed execution of multiplication/division and 
shift/rotate instructions. Using the temporary registers, 
the »PD70327 can execute multiplication/division in- 
structions about four times faster than with the micro- 


" programmed method. 


Loop Counter (LC) 


The dedicated hardware loop counter (LC) counts the 
number of iterations for string operations and the num- 
ber of shifts performed for multiple-bit shift/rotate in- 
structions. The loop counter works with internal dedi- 
cated shifters to speed the processing of multiplication/ 
division instructions. 


Program Counter and Prefetch Pointe 
(PC and PFP) . 


The hardware PC addresses the memory location of the 
instruction to be executed next. The hardware PFP 
addresses the program memory location to be accessed 
by the instruction queued next. Several clock cycles are 
saved for branch, call, return, and break instructions. 
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Figure 1. -«PD70327 Internal RAM Register Mapping 
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xxECOH 


XxE40H 


xxE20H 


Internal RAM 


Register Set 


Figure 1 shows the eight banks of internal registers, 
which the »PD70327 maps into internal RAM. Each bank 
contains general-purpose registers, pointer and index 
registers, segment registers, and save areas for context 
switching. 


Although these memory locations may be accessed as 
normal RAM with the full set of memory addressing 
modes provided by the V25 family, the capability of 
context switching provides superior speed in register 
access. When used in the internal memory disabled 
state, many instructions execute considerably faster. 


The eight macroservice channel control blocks are 
mapped into register banks 0 and 1. The »PD70327 also 
maps the DMA control registers over macroservice 
channels 0 and 1 within register bank 0. 


As a result of this mapping, interrupt priorities, register 
banks, and macroservice channels should be allocated 
from the lowest priority to the highest (that is, starting 


6H 


4H 


2H 


Data Register 


Index Register 


AW “i 
CW 
nee ee 


Seg ment Register 


Save PC 


Save PSW 





from bank/priority 7 and proceeding to bank priority 0). 
Be careful not to map user RAM locations and/or DMA or 
macroservice control registers into the same internal 
RAM locations. 


General-Purpose Registers. Four 16-bit general- 
purpose registers (AW, BW, CW, and DW) can serve as 
16-bit registers or as four sets of dual 8-bit registers (AH, 
AL, BH, BL, CH, CL, DH, and DL). The instruction 
classes default to the following general-purpose regis- 
ters. 


AW Word multiplication/division, word I/O, data 
conversion. 


Byte multiplication/division, byte l/O, BCD 
rotation, data conversion, translation. 


Byte multiplication/division. 

Translation 

Loop control, branch, and repeat prefixes. 
Shift instructions, rotate instructions, BCD 
operations. 

Word multiplication/division, indirect !/O 
addressing. 


AL 


AH 
BW 
CW 
CL 


DW 
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Pointers and Index Registers. These registers are 16- 
bit base pointers (SP, BP) or index registers (IX, IY) in 
based addressing, indexed addressing, and based in- 
dexed addressing. They are used as default registers 
under the following conditions. 


SP Stack operations 
IX Block transfer (source), BCD string operations 


IY Block transfer (destination), BCD string 
operations 


Segment Registers. The segment registers divide the 
1M-byte address space into 64K-byte blocks. Each seg- 
ment register functions as a base address to a block; the 
effective address is an offset from that base. Physical 
addresses are generated by shifting the associated seg- 
ment register left by four binary digits and then adding 
the offset address. The segment registers and default 
offsets are listed below. 


Default Offset 

PC (Program Counter) 
SP and Effective Address 
DSO (Data Segment 0) _=+1X and Effective Address 
DS1 (Data Segment 1) —_—‘IY and Effective Address 


Save Registers. Save PC and save PSW are used as the 
storage areas during register bank context-switching 
operations. The Vector PC save location contains the 
effective address of the interrupt service routine when 
register bank switching is used to service interrupts. 


Segment Register 
PS (Program Segment) 


SS (Stack Segment) 


Program Counter. The PC is a 16-bit binary counter that 
contains the offset address from the program segment of 
the next instruction to be executed. It is incremented 
every time an instruction is received from the queue. It is 
loaded with a new location whenever the branch, call, 
return, break, or interrupt is executed. 


Program Status Word. The PSW contains status and 
control flags used by the CPU and two general-purpose 
user flags. The configuration of this 16-bit register is 
shown below. 
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Status Flags Control Flags 


V Overflow bit DIR Direction of string 
S§ Sign processing 
Z Zero IE Interrupt enable 
AC Auxiliary carry BRK Break (after every 
P Parity instruction) 
CY Carry RBn Current register 
bank flags 
BRKI_1/O trap enable 
FO, F1 General-purpose 
user flags (accessed 
by flag SFR) 
MD Normal/Security 
mode select 


The eight low-order bits of the PSW can be stored in 
register AH and restored using a MOV instruction. The 
only way to alter the RBn bits with software is to execute 
one of the special bank switch instructions. 


Memory Map 


The »PD70327 has a 20-bit address bus that can directly 
access 1M-byte memory. Unlike the standard V25, the 
V25 Software Guard does not support internal ROM. 


The internal data area (IDA) is a 256-byte internal RAM 
area followed consecutively by a 256-byte special func- 
tion register (SFR) area. 


All the data and control registers for on-chip peripherals 
and I/O are mapped into the SFR area and accessed as 
RAM. 


The IDA is dynamically relocatable in 4K-byte increments 
by changing the value in the internal data base (IDB) 
register. The value in this register is assigned as the 
uppermost eight bits of the IDA address. The IDB register 
is accessed from two memory locations, FFFFFH and 
XXFFFH, where XX is the value in the IDB register. 


On reset, the internal data base register is set to FFH, 
which maps the IDA into the uppermost area of memory. 


In large-scale systems where internal RAM is not re- 
quired for data memory, internal RAM can be removed 
completely from the address space and dedicated en- 
tirely to registers and control functions such as mac- 
roservice and DMA channels. Clearing the RAMEN bit in 
the processor control register does this. When the RA- 
MEN bit is cleared, internal RAM can only be accessed 
by register addressing or internal control processes. 
Many instructions execute faster when internal RAM is 
disabled. 
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INSTRUCTIONS 


The V25 family instruction set is fully compatible with 
the V20 native mode. The V20 instruction set is a super- 
set of the »PD8086/8088 instruction set with different 
execution times and mnemonics. 


The »PD70327 does not support the V20 8080 emulation 
mode. All instructions pertaining to this mode have been 
deleted from the V25 family instruction set. 


Enhanced Instructions 


In addition to. the basic V20 instruction set, the 
u#PD70327 supports numerous enhanced instructions, 
which together form the standard V-Series instruction 
set. These enhanced instructions are described in full in 
the V25/V35 User’s Manual and are listed below. 


PUSH imm CHKIND 
PUSH R INM 

POP R OUTM 

MUL imm PREPARE 
SHLimms — DISPOSE 
ROL imms ROR imms 
ROLC imms RORC imms 


Unique Instructions 


The pPD70327 supports a set of unique instructions, 
which are also discussed in the V25/V35 User's Manual. 
These instructions belong to one of the following groups: 
Variable Length Bit Field Operations, Packed BCD In- 
structions, Bit Manipulation Instructions, Repeat Pre- 
fixes, and Special V25 Family Register Bank Switching 
Instructions. 


INS EXT 

ADD4S CMP4S 

ROL4 SET1 

TEST1 ROR4 

CLRi NOT1 

BTCLR REPC 

REPNC BRKCS regi6 

TSKSW regi6 MOVSPA 

MOVSPB RETRBI 
INTERRUPT STRUCTURE 


The 4PD70327 can service interrupts generated by both 
hardware and software. Software interrupts are serviced 
through vectored interrupt processing. The following 
interrupts are provided. 
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Divide Error Single Step 
Overflow BRK3 

BRK imms Array Bounds 
Escape Trap 1/O Trap 


When executing software written for another system, it 
is preferable to implement I/O using the on-chip periph- 
erals. However, since the »PD70327 peripherals are 
memory mapped, some software conversion may be 
required. This mapping strategy allows the internal pe- 
ripherals to be accessed using all standard addressing 
modes, including the advanced bit and bit-field manipu- 
lation instructions of the »PD70327. Also, the 1/O trap 
feature of the 1PD70327 allows an easy hardware solu- 
tion to remapping external devices to internal »PD70327 
peripherals. 


Interrupt Vectors 


Table 1 lists the interrupt vectors beginning at physical 
address 00H. External memory is required to service 
these routines. By servicing interrupts via the macroser- 
vice function or context switching, this requirement can 
be eliminated. 


Each interrupt vector is 4 bytes wide. To service a vector- 
ed interrupt, the lower addressed word is transferred to 
the PC and the upper word to the PS. The pseudocode 
for the vectored interrupt service overhead is shown 
below. 


(SP-1, SP-2) < PSW 
(SP-3, SP-4) < PS 
(SP-5, SP-6) < PC 

SP <— SP-6 

IE — 0, BRK <0 

PS < vector high bytes 
PC < vector low bytes 


Table 1. Interrupt Vectors 

Address Vector Assigned Use 

00 0 Divide error 

04 1 Break fiag 

08 2 NMI 

0c 3 BRK3 instruction 

10 4 BRKV instruction 

14 5 CHKIND instruction 

18 6 General purpose 

1c 7 FPO instructions 

20-2C 8-11 General purpose 

30 12 INTSERO (Interrupt serial error, channel 0) 
34 13 INTSRO (Interrupt serial receive, channel 0) 
38 14 INTSTO (Interrupt serial transmit, channel 0) 
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Table 1. Interrupt Vectors (cont) 


Address Vector Assigned Use 
3C 15 General purpose 
40 16 INTSER1 (interrupt serial error, channel 1) 
44 17 INTSR1 (Interrupt serial receive, channel 1) 
48 18 INTST1 (Interrupt serial transmit, channel 1) 
4c 19 I/O trap 
50 20 INTDO (Interrupt from DMA, channel 0) 
54 21 INTD1 (Interrupt from:DMA, channel 1) 
58 22 General purpose 
5C 23 General purpose 
60 24 INTPO (Interrupt from peripheral 0) 
64 25 INTP1 (Interrupt from peripheral 1) 
68 26 INTP2 (Interrupt from peripheral 2) 
6C 27 General purpose 
70 28 INTTUO (interrupt from timer unit 0) 
74 29 INTTU1 (Interrupt from timer unit 1) 
78 30 INTTU2 (Interrupt from timer unit 2) 
7G 31 INTTB (Interrupt from time base counter) 
080-3FF 32- General purpose 
255 


Hardware Interrupt Configuration 


The n.PD70327 features a high-performance on-chip con- 
troller capable of controlling multiple processing for 
interrupts from up to 17 different sources (5 external, 12 
internal). The interrupt configuration includes system 
interrupts that are functionally compatible with those of 
the V20/V30. In addition, two unique high-speed micro- 
controller interrupt servicing methods are available. 


Interrupt Sources 


The 17 interrupt sources are divided into groups for 
management by the interrupt controller. Using software, 
each of the groups can be assigned a priority from 0 
(highest) to 7 (lowest). The priority of individual inter- 
rupts within a group is fixed in hardware.lf interrupts 
from different groups occur simultaneously and the 
groups have the same priority level, the priority followed 
will be as shown in the Default Priority column of table 2. 
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Table 2. Interrupt Sources 
Interrupt Source 

(Priority Within Group) Default 
Group 1 2 3 Priority 
Nonmaskable interrupt | NMI - - 0 
Timer unit INTTUO =INTTU1 INTTU2 1 
DMA controller INTDO INTD1 —- 2 
External peripheral interrupt INTPO INTP1 INTP2 3 
Serial channel 0 INTSERO INTSRO INTSTO 4 
Serial channel 1 ~INTSER1 INTSR1 INTST1 5 
Time base counter - INTTB- ~ 6 
Interrupt request INT - - 7 


The priority of the currently active interrupt is stored in 
the ISPR special function register. Bits PR7-PRo corre- 
spond to the eight possible interrupt request priority 
groups. The ISPR keeps track of the priority of active 
interrupts by setting the appropriate bit of this register. 
The address of this 8-bit register is xxFFCH, and the 
format is shown below. Again it is recommended that 
priorities be assigned starting with the lowest (pro- 
grammed to 6 or 7) and proceed up in priority to 
minimize the risk of overlapping macroservice and reg- 
ister bank switch interrupt service control blocks. — 


[ry [pe | pas [prs [PAs [Pre [Pm | PA 


NMI and INT are system-type external vectored inter- 
rupts. NMI is not maskable by software. INT is maskable 
by the IE bit in the PSW and requires that an external 
device provide the interrupt vector number. It is designed 
to allow the interrupt controller to be expanded by the 
addition of an external interrupt controller such as the 
p»PD71059. . 


NMI, INTPO, and INTP1 are edge-sensitive inputs. By 
selecting the appropriate bits in the interrupt mode 
register, these inputs can be programmed to be either 
rising- or falling-edge triggered. Bits ESO-ES2 corre- 
spond to INTPO-INTP2, respectively, as shown in figure 
2. 
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Figure2. External Interrupt Mode Register (INTM) 
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7 Address xxF 40H 0 
ES2 .  INTP2 Input Effective Edge 
0 Falling edge 
1 Rising edge 
ES1 INTP1 Input Effective Edge 
0 Falling edge 
1 Rising edge 
ESO INTPO Input Effective Edge 
0 Falling edge 
1 Rising edge 
ESNMI NMI Input Effective Edge 
0 Falling edge 
1 Rising edge 


Interrupt Processing Modes 


Interrupts, with the exception of NMI, INT, and INTTB 
have high-performance capability and can be processed 
in any of three modes: standard vector interrupt, register 
bank context switching and macroservice. The process- 
ing mode for a given interrupt can be chosen by enabling 
the appropriate bits in the corresponding interrupt re- 
quest control register. Each interrupt, except INT and 
NMI, has its own associated IRC register The general 
format for each of these registers is shown in figure 3. 


All interrupt processing routines other than those for 
NMI and INT must end with the execution of the FINT 
instruction. Otherwise, subsequently, only interrupts of 
higher priority will be accepted. 


In the vectored service mode, the CPU traps to a vector 
location. 
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Interrupt Request Control Registers 
(IRC) 


| | ik |wsant]encs| o | PRo | PRi | PRo_| 
7 0 


Figure 3. 


IF Interrupt Flag 
0 No interrupt request generated 
1 Interrupt request generated 
IMK Interrupt Mask 
0 Open (interrupts enabled) 
1 Closed (interrupts disabled) 
MS/INT Interrupt Response Method 
0 Vector interrupt or register bank switching 
1 Macroservice function 
ENCS Register Bank Switching Function 
0 Not used 
1 Used 
PRo-PRo Interrupt Group Priority (0-7) 
000 Highest (0) 
L 
111 Lowest (7) 


Register Bank Switching. 


Register bank context switching allows interrupts to be 
processed rapidly by switching register banks. After an 
interrupt, the new register bank selected has the same 
bank number (0-7) as the priority programmed in the 
associated IRC register. The PC and PSW are automati- 
cally saved in the save areas of the new register bank, 
and the address of the interrupt routine is loaded from 
the vector PC storage register in the new register bank. 


As in the vectored mode, the IE and BRK bits in the PSW 
are cleared to zero. After interrupt processing, execution 
of the RETRBI instruction returns control to the original 
register bank and restores the former PC and PSW. 
Figures 4 and 5 show register bank context switching 
and register bank return. 


This method of interrupt service offers a dramatic per- 
formance advantage over normal vectored service be- 
cause there is no need to store and retrieve data/ 
registers on the stack. This also allows hardware-based 
real-time task switching in high-speed environments. 


In addition to context switching, the »PD70327 has a 
task switch opcode (TSKSW) that allows multiple inde- 
pendent processes to be internally resident. Figure 6 
shows the task switching function. 
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Figure 4. Register Bank Context Switching Figure 5. Register Bank Return 
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Figure 6. Task Switching 
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Macroser vice Function 


The macroservice function (MSF) is a special micropro- 
gram that acts as an internal DMA controller between 
on-chip peripherals (special-function registers, SFR and 
memory. The MSF greatly reduces software overhead 
and CPU time that other processors would require for 
register save processing, register returns, and other 
handling associated with interrupt processing. 


If the MSF is selected for a particular interrupt, each time 
the request is received, a byte or word of data is trans- 
ferred between an SFR and memory without interrupting 
the CPU. Each time a request occurs, the macroservice 
counter is decremented. When the counter reaches zero, 
an interrupt to the CPU is generated. The MSF also has 
a character search option. When selected, every byte 
transferred. is compared to an 8-bit search character and 
an interrupt is generated if a match occurs or if me 
macroservice counter reaches zero. 


Like the NMI, INT, and INTTB, the two DMA controller 
interrupts (INTDO and INTD1) do not have MSF capabil- 


ity. 


Eight 8-byte macroservice channels are mapped into 
internal RAM from XXEOOH to XXE3FH. Each macro- 
service channel contains all necessary information to 
execute the macroservice process. Figure 7 shows the 
components of each channel. 


Figure 7. Macroservice Channels 


xxE08H 
Up to 3FH 


RESERVED SCHR 
SFRP XXEOOH (INTERNALRAM) 


|}<—_—_—__—_ 16 Bitt——-——__—>} 


MSS = Macroservice segment 


MSP = Macroservice pointer 
SCHR = Search character 


SFRP = Special function register 
pointer 


MSC = Macroservice counter 
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Setting the macroservice mode requires programming 
the corresponding macroservice control register. Each 
individual interrupt, excluding INT, NMI, serial error, 
DMA, and TBC, has its own associated MSC register 
Figure 8 shows the generic format for all MSC registers. 
Figure 8. Macroservice Control Registers 
(MSC) 


[asia ]wsw [weve] oR [0 [Oe [OH | Om | 
7 (0) 





MSM2-MSMo Macroservice Mode 

000 Normal (8-bit transfer) 

001 Normal (16-bit transfer) 

100 Character search (8-bit transfer) 

Other combinations are not allowed. 

DIR Data Transfer Direction 

0 _Memory to SFR 

1 SFR to memory 
CHo-CHy Macroservice Channel 

000 Channel 0 

4 

111 Channel 7 

TIMER UNIT 


The »PD70327 (figure 9) has two programmable 16-bit 
interval timers (TMO and TM1) on chip, each with vari- 
able input clock frequencies. Each of the two 16-bit timer 


registers has an associated 16-bit modulus register 


(MDO and MD1). Timer 0 operates in the interval timer. 
mode or one-shot mode; timer 1 has only the interval 
timer mode. 


Interval Timer Mode 


In this mode, TM0/TM1 are decremented by the selected 
input clock, and, after counting out, the registers are 
automatically reloaded from the modulus registers and 
counting continues. Each time TM1 counts out, inter- 
rupts are generated through TF1 and TF 2 (timer flags 1 
and 2). When TMO counts out, an interrupt is generated 
through TFO. The timer-out signal can be used as a 
square-wave output whose half-cycle is equal to the 
count time. 


Two input clocks derived from the system clock are 
SCLK/6 and SCLK/128. Typical timer values shown be- 
low are based on fogc = 10 MHz and fgcik = fosc/2. 


Clock Timer Resolution Full Count 
SCLK/6 1.2 ps 78.643 ys 
SCLK/128 25.6 us 1.678 s 
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Figure 9. Timer Unit Block Diagram 
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One-Shot Mode 


In the one-shot mode, TMO and MDO operate as indepen- 
dent one-shot timers. Starting with a preset value, each 
is decremented to zero. At zero, counting ceases and an 
interrupt is generated by TFO (from TMO) or TF1 (from 
MDO). 


When TMO is programmed to one-shot mode, TM1 may 
still operate in interval mode. 


Two input clocks derived from the system clock are 
SCLK/12 and SCLK/128. Typical timer values shown 
below are based on fogc = 10 MHz and fgcik = fosc/2. 


Clock Timer Resolution Full Count 
SCLK/12 2.4 ws 157.283 ms 
SCLK/128 25.6 ws - 1.678:s 


Timer Control Registers 


Setting the desired timer mode requires programming 
the timer control register. See figures 10 and 11 for the 
TMC register format. . 
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Figure 10. Timer Control Register 0 (TMCO) 
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Address xxF90H ° 


TSO TMO in Either Mode 


0 Stop countdown 
1 Start countdown 
MOD, MOD) TCLKO TMO Register Clock Frequency 
0 0 0 fscik/6 (Interval) 
0 - 0 1 fgciK/128 (Interval) 
0 1 0 fgciK/12 (One-shot) 
Oo. 1 1 fgc_K/128 (One-shot) 


MSO MDO Register Countdown (One-Shot Mode) 


0 Stop 
1 Start 


MCLKO MDO Register Clock Frequency 


0 fsciK/12 
1 fscL_K/128 

ENTO TOUT. Square-Wave Output 
0. Disable 
1 Enable 

AV TOUT Initial Level When TOUT Disabled by ENTO = 0 

0 Low 
1 High 

MOD, MOD, __ Timer Unit Mode 
0 0 Interval timer 
0 1 One-shot 

Reserved 


1 X 


Figure 11. Timer Control Register 1 (TMC1) 


tees Le tee ele 


Address xxF91H 


TS1 Timer 1 Countdown : 
0 “—-. Stop 
1 Start 
TCLK1 - Timer 1 Clock Frequency 
0 fgciK/é 
1 fsc_K/128 


TIME BASE COUNTER 


The 20-bit free-running time base counter (TBC) controls 
internal timing sequences and is available to the user as 
the source of periodic interrupts at lengthy intervals. One 
of four interrupt periods can be selected by program- 
ming the TBO and TB1 bits in the processor control 
register (PRC). The TBC interrupt is unlike the others 
because it is fixed as a level 7 vectored interrupt. 
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Macroservice and register bank switching cannot be 
used to service this interrupt. See figures 12 and 13. 


Time Base Interrupt Request 


Figure 12. 
Control Register (TBIC) 
Bia cS ed 
Address xxFECH 
TBF Time Base Interrupt Flag 
0 No interrupt generated 
1 Interrupt generated 
TBMK Time Base Interrupt Mask 
0 Unmasked 
1 Masked 


Figure 13. Processor Control Register (PRC) 
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Address xxFEBH 
RAMEN Built-In RAM 
0 Disable 
1 Enable 
TB, TBo Time Base Interrupt Period 
0 0 21%/fsoik 
0 1 213/fscik 
1 0 216 /fscik 
1 1 . 220/fscik 
PCK, © PCKy System Clock Frequency (foi) 
o- 0 fosc/2 
0 1 fosc/4 
1 0 fosc/8 
1 1 Reserved 


The RAMEN bit in the PRC register allows the internal 
RAM to be removed from the memory address space to 
implement faster instruction execution. 


The TBC (figure 14) uses the system clock as. the input 
frequency. The system clock can be changed by pro- 
gramming the PCKO and PCK1 bits in the processor 
control register (PRC). Reset initializes the system clock 
to fosc/8 (fosc = external oscillator frequency). 
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Time Base Counter (TBC) Block. 
Diagram 


Figure 14. 
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REFRESH CONTROLLER 


The »PD70327 has an on-chip refresh controller for 
dynamic and pseudostatic RAM memory. The refresh 
controller generates refresh cycles between the normal 
CPU bus cycles according to the refresh specifications 
programmed. 


The refresh controller outputs a 9-bit refresh address on 
address bits Ag-Ag during the refresh bus cycle. Address 
bits Ayg-Ag are fixed to Os during this cycle. The 9-bit 
refresh address is automatically incremented at every 
refresh cycle for 512 row addresses. The 8-bit refresh 


mode (RFM) register (figure 15) specifies the refresh. 


operation.and allows refresh during both CPU HALT and 
HOLD modes. Refresh cycles are automatically timed to 
REFRQ following read/write cycles to minimize the ef- 
fect on system throughput. 





The following shows the REFRQ pin level in relation to 


bits 4 (RFEN) and 7 (RFLV) of the refresh mode register . 


RFEN RFLV- REFRQ Level 

0 0 0 

0 1 1 

1 0 0 

1 1 Refresh pulse output 
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Figure 15. Refresh Mode Register (RFM) 


a aa ee [nw [| | 


Address xxFE1H 


RFLV) RFEN REFRQ Output Signal Level 


0 0 0 
1 0 1 
0 1 0 
1 1 Refresh pulse 


Automatic Refresh Cycle in HOLD Mode 





HLDRF 
0 Disabled 
1 Enabled 
HETRF Automatic Refresh Cycle in HALT Mode 
0 Disabled . 
1 Enabled 
RFEN Automatic Refresh Cycle 
0 Refresh pin = RFLV 
1 Refresh enabled 
RFW, RFW, No. of Wait States Inserted in Refresh Cycle 
0 0 0 
0 1 1 
1 0 2 
1 1 2 
RFT, RFT) Refresh Period 
0 0 16/SCLK 
0 1 32/SCLK 
1 0 64/SCLK 
1 1 128/SCLK 
SERIAL INTERFACE 


The »PD70327 has two full-duplex UARTs, channels 0 
and 1. Each channel (figure 16) has a transmit line 
(TxDn), a receive line (RxDn), and a clear-to-send (CTSn) 
handshaking line. Communication is synchronized by a 
start bit, and either even, odd, or no parity may be 
programmed. Character length may be programmed to 
either 7 or 8 bits, and either 1 or 2 stop bits. 


Each serial channel of the »PD70327 has a dedicated 
baud rate generator, so there is no need to obligate any 
of the on-chip timers to handle this function. The baud 
rate generators allow individual transfer rates for each 
channel and support rates up to 1.25 Mb/s. All standard 
baud rates are available and are not restricted by the 
value of the particular external crystal. 


Each baud rate generator has an 8-bit data register 
(BRGn) that functions as a prescaler to a programmable 
input clock selected by the serial communication control 
register (SCCn). Together these must be set to generate 
a frequency equivalent to the desired baud rate. 
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The baud rate generator can be programmed to obtain Figure 16. Serial interface Block Diagram 
the desired transmission rate-according to the following | 





formula: ‘Channel 0 
BxG = SCLK x 106 
7 me Serial TxBO 
3 —+- [se Ke = 
B = baud rate ; 


G = baud rate generator register (BRGn) value 


Serial RxBo 
i ifi i i i =. ee 
n = input clock specification; the value loaded into 


the SCCn register (n = 0 to 8) 


SCLK = system clock frequency (MHz) : Transmit Receive 
3 Control Control 


Based on the above formula, the following table shows 
the baud rate generator values used to obtain standard 


transmission rates when SCLK = 5 MHz. 2 Baud Rate 
. Generator 
Baud Rate n BRGn Error (%) 
110 7 178 0.25 Channe! 1  % 
150 7 130 0.16 , 
300 6 130 0.16 Serial TxB1 
600 5 130 0.16 ree Ea . 
1200 4 130 0.16 
2400 3 130 0.16 S RxB1 
2800 2 10S —DP—| Si FB 
9600 1 130 0.16 
19.2k 0 130 0.16 Transmit Receive 
38.4k 0 65 0.16 o— Control 
1.25M 0 2 0.00 
In addition to the asynchronous mode, channel 0 has a sin hase 
synchronous I/O interface mode. In this mode, each bit 


of data transferred is synchronized to a serial clock 
(SCLKO). This mode is compatible with the «COM75 and 
p»COM87 series, and allows direct interfacing to these 
devices. 





Figures 17, 18, and 19 show the three serial communica- 
tion registers: SCM, SCC, and SCE. 
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Figure 17. 


Serial Communication Mode Registers 


(SCM) 


[ano] roe [Paiva [revo [ours BLRSOH_ wor [ woo 
7 0 


TxRDY 


SLRSCK 


MD1-MDO0 


Notes: 


Transmitter Control 


Disabled 
Enabled 


Receiver Control 


Disabled 
Enabled 


Parity Control 


No parity 

0 parity (Note 1) 
Odd parity 
Even parity 


Character Length (Async Mode) 
Tx Shift Clock (I/O Interface Mode) 


7 bits (Async) 
No effect (I/O intfc) 
8 bits (Async) 
Trigger transmit (I/O intfc) 
Stop Bits (Asyne Mode) 
Receiver Clock (I/O Interface Mode) 
1 stop bit (Async) 
Ext clock input on CTSO (I/O intfc) 


2 stop bits (Async) 
Int clock output on CTS1 (//O intic) 


Mode 


I/O interface (Note 2) 
Asynchronous 
Reserved 


(1) Parity is 0 during transmit and ignored during receive. 


(2) I/O interface mode only. 


(8) Channel 0 only. 
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Figure 18. Serial Communication Control 
Register (SCC) 
| 0 | 0 | o | 0 | Pass] PRS | PRS: | PRS | 
7 0 
PRS3-PRSo Baud Rate Generator Input Ciock Frequency 
0000 fscik/2 (n = 0) 
0001 fgciK/4 
0010 fgco_k/8 
0011 fgciK/16 
0100 fgcLK/32 
0101 fsciK/64 
0110 fgcLK/128 
0111 fsciK/256 
1000 fgciK/512 (n = 8} 
Figure 19. Serial Communications Error Register 
(SCE) 
pAxon{ o {| o { © { © | Epp | err | ERO | 
7 0 
RxDn_ ‘Receive Terminal State 
0,1 Status of RxD pin Af | 
ERP Parity Error Flag 
0 No error 
1 Transmit and receive parity are different 


ERF Framing Error Flag 


0 No error 

1 Stop bit not detected 

ERO Overrun Error Flag 

0 No error 

1 Data is received before receive buffer outputs previous 
data 

DMA CONTROLLER 


The #PD70327 has a two-channel, on-chip Direct Mem- 
ory Access (DMA) controller. This allows rapid data 
transfer between memory and auxiliary devices. The 
DMA controller supports four modes of operation, two 
for memory-to-memory transfers and two for I/O to 
memory; in all cases, transfer direction is programma- 
ble. 


Memory-to-Memory Transfers 


In the single-step mode, a single DMA request will 
commence the alternation of one DMA cycle with one 
CPU cycle until the prescribed number of transfers 
(terminal count) is reached. Interrupts are accepted 
while in this mode. 
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Alternatively, in the burst mode, one. DMA request 
causes DMA transfer cycles to continue consecutively 
until the DMA terminal count decrements to zero. Soft- 
ware can initiate memory-to-memory transfers. 


1/O-to-Memory Transfers 


The single transfer mode will yield exactly one DMA 
transfer per DMA request. After the transfer, the bus is 
returned to the CPU. Alternatively, in demand release 
mode, the rising edge of DMARQ enable DMA cycles 
which continue while the DMA request remains active. 


DMA Registers 


Figures 20 and 21 show the DMA mode registers (DMAM) 
and the DMA address control registers (DMAC). 


In all modes, the TC (Terminal Count) output pin will 
pulse low and a DMA end-of-service interrupt request 
will be internally generated after the programmed num- 
ber of transfers have been completed. The bottom of 
internal RAM contains all the necessary address infor- 
mation for the designated DMA channels. The DMA 
channel mnemonics are as follows. 


TC Terminal count 
SAR Source address register 


SARH Source address register high 
DAR Destination address register 
DARH Destination address register high 
Figure 20. DMA Mode Registers (DMAM) 
7 . 0 
MD2-MDo Transfer Mode 
000 Single-step (memory to memory) 
001 Demand release (I/O to memory) 
010 Demand release (memory to I/O) 
011 Reserved 
100 Burst (memory to memory) 
101 Single-transfer (/O to memory) 
110 Single-transfer (memory to |/O) 
111 Reserved 
WwW Transfer Method 
0 Byte transfer 
1 Word transfer 
EDMA TDMA Transfer Condition 
0 0 Disabled 
1 0 Maintain condition 
4 1 Start DMA transfer 
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Figure 21.. DMA Address Control Registers 


(DMAC) 
| 0 | o | Po | Po} o | oO | PS | PS | 
“7 0 
PD4-PDpo Destination Address Offset 
00 No modification 
01 Increment 
‘10 Decrement 
11 No modification 
PS4-PSo Source Address Offset 
‘00 No modification 
01 Increment 
10 Decrement 
11 No modification 


These control registers (figure 22) are mapped into the 


‘same area of register bank 0 as the macroservice control 


block registers. These macroservice channels. should 
not be used when the DMA controller is active. 


The DMA controller generates the physical source and 
destination addresses by offsetting Address High regis- 
ter 12 bits to the left and then adding the Address 
register. The source and destination address registers 
can be programmed to increment or decrement indepen- 
dently for DMA operation. 


When the EDMA bit is set, the internal DMARQ flag is 
cleared. Therefore, subsequent requests are recognized 
only after the EDMA bit has been set. 


Figure 22. DMA Channels 


xxEOEH 


Channel 1 


Channel 0 


xxE00H 
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PARALLEL I/O PORTS 
Ports PO, P1, P2. 


The »PD70327 has three 8-bit parallel I/O ports: PO, P1, 
and P2. Associated registers are shown in figures 23, 24, 
and 25. Special-function register (SFR) locations can 
access these ports as memory. The port lines are indi- 
vidually programmable as inputs or outputs. Many of the 
port lines have dual functions as port or control lines. 


Use the associated port mode control (PMC) and port 
mode (PM) registers to select the function for a given I/O 
line. 


Figure 23. Port 0 Registers (PMC0, PMO) 


phic Eee ee eee 


PMCO Register 


is [| [sr [i [RB 


PMO Register 








PMC07 = 0 
Port Pin PMC07 = PMO, = 1 PMO, = 0 
P07 CLKOUT Input port Output port 
P0g _ Input port Output port 
POs _ Input port Output port 
PO, _ Input port Output port 
P03 - Input port Output port 
POo _ Input port Output port 
PO, _ Input port Output port 
PQ _ Input port Output port 
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Figure 24. Port 1 Registers (PMC1, PM1) 


rc rcr Rc RcK eos [eT | 


PMC1 Register 


rie [i [sane 


PM1 Raglater 


PMC1,, = 0 

Port Pin PMC17 = 1 PM, = 1 PM1, = 0 
P17 READY Input Input port Output port 
Pig SCKO output Input port Output port 
Pis TOUT output Input port Output port 
P14 INT input POLL input Output port 
Pig INTAK output INTP2 input _ 

Pto a INTP1 input = 

P14 _ INTPO input - 

Pip = NMI input = 
Figure 25. Port 2 Registers (PMC2, PM2) 


PMC2 a 


[rs [res 


PM2 Register 





PMC2, = 0 

Port Pin PMC2, = 1 PM2,, = 1 PM2,, = 
P27 HLDRQ input Input port Output port 
P2 HEDAK output "Input port Output port 
P25 TCT output input port Output port 
P24 DMAAK?7 output Input port Output port 
P23 DMARQ1 input Input port Output port 
P25 TCO output Input port Output port 
P2, DMAAKO output Input port Output port 
P29 DMARQO input Input port Output port 
Port PT 


The analog comparator port (PT) compares each input 
line to a reference voltage. The reference voltage can be 
programmed to the Vy input x n/16, where n = 1 to 16. 
See figure 26. 
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Figure 26. Port T Mode Register (PMT) 


| 0 | o | o | o | Paty | Pate | rats | PMTo | 
7 0 


Comparator Reference 


Voltage (Vrer) PMT, °° PMT. PMT; PMT) 
Vey x 16/16 0 0 0 0 
1/16 0 0 0 1 
2/16 0 0 1 0 
3/16 0 0 1 1 
4/16 0 4 0 0 
5/16 0 1 0 1 
6/16 0 4 1 0 
7/16 0 1 1- 1 
8/16 1 0 0 0 - 
9/16 1 0 0 1 
10/16 1 0 1 0 
11/16 1 0 1 1 
12/16 1 1 0 0 
13/16 1 1 0 1 
14/16 | 1 1 1 0 
15/16 1 1 1 1 


PROGRAMMABLE WAIT STATES 


You can generate wait states internally to further reduce 
the necessity for external hardware. Insertion of these 
wait states allows direct interface to devices whose 
access times cannot meet the CPU read/write timing 
requirements. 


When using this function, the entire 1 megabyte of 
‘memory address space is divided into 128K-blocks. Each 
block can be programmed for zero, one, or two wait 
states, or two plus those added by the external READY 
signal. The top two blocks are Pipararimed ogether as 
one unit. . 


The appropriate bits in the wait contro! word (WIC) 
control wait-state generation. Programming the upper 
two bits in the wait control word sets the wait-state 
conditions for the entire 1/O address space. Figure 27 
shows the memory map for programmable wait-state 
generation. 


Figure 28 diagrams the wait control word. Note that 
READY pin control is enabled only when two internally 
generated wait states are selected by the “11” option. 
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Figure 27. Programmable Wait State Generation 


a 


FFFFFH 


C0000H 


40000H 
128K 

20000H 

0H 
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Figure 28. Wait Control Word (WTC) 


Block | Block Block | Block | Block 
61 60 50 41 40 


Wait Control, High 


Block } Block | Block Block | Block | Block 
30 21 20 10 01 00 


Wait Control, Low 


Wait States Block ni Block nO 
0 0 0 
1 , - 0 1 
2 : 1 0 
2 or more (external control via READYpin) . 1 1 
n = Othru6 
STANDBY MODES 


The two low-power standby modes are HALT and STOP. 
Both modes are entered under software control. 


HALT Mode 


In HALT mode, the CPU is inactive and thus the chip 
consumes much less power than when fully operational. 
The external oscillator remains functional and all inter- 
nal peripherals are active. Internal status and output 
port line conditions are maintained. Any unmasked in- 
terrupt can release this mode. In the El state, interrupts 
are processed subsequently in vector mode. In the DI 
state, program execution is restarted with the instruc- 
tion following the HALT instruction. 


STOP Mode 


The STOP mode allows the largest power reduction 
while maintaining internal RAM. The oscillator is 
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stopped, halting the CPU as well as all internal periph- 
erals. Internal status is maintained. Only a reset or NMI 
can release this mode. 


A standby flag in the SFR area is reset by rises in the 
supply voltage. Its status is maintained during normal 
operation and standby. The STBC register (figure 29) is 
not initialized by RESET. Use the standby flag to deter- 
mine whether program execution is returning from 
standby or from a cold start by setting this flag before 
entering STOP mode. 
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Figure 29. Standby Register (S TBC) 


LO I fe of 0 | 208 Th of 0 er | 


7 Address xxFEOH 0 


SBF Standby Flag 


No changes in Vpp (standby) 
Rising edge on Vpp (cold start) 





SPECIAL-FUNCTION REGISTERS 


Table 3 shows the special function register mnemonic, 
type, address, reset value, and function. The 8 high-order 
bits of each address (xx) are specified by the IDB 
register. 


SFR area addresses not listed in table 3 are reserved. If 
read, the contents of these addresses are undefined, and 
any write operation will be meaningless. 


Table 3. Special Function Registers 

Name Byte/Word Address Reset Value (Note 2) R/W (Note 1) Function 

PO B xxFOOH R/W Port 0 

PMO B xxFO1H FFH W Port mode control 0 

Pt B xxFO9H 00H R/W Port 1 

PM1 B xxFOSH FFH W Port mode 1 

PMC1 B xxFOAH 00H W Port mode control 1 

P2 B xxF 10H R/W Port 2 

PM2 B xxF 11H FFH W Port mode 2 

PMC2 B xxF 12H 00H WwW Port mode control 2 

PT B XXxF 38H R Port T 

PMT B xxF 8BH 00H R/W Port mode T 

INTM B XxF 40H 00H R/W Interrupt mode 

EMSO B xxF 44H R/W External interrupt macro service 0 
EMS1 B xxF 45H R/W External interrupt macro service 1 
EMS2 B xxF 46H R/W External interrupt macro service 2 
EXICO B »xxF 4CH 47H R/W External interrupt control 0 

EXIC1 B xxF4DH 47H R/W External interrupt contol 1 

ExIC2 B xxF 4EH 47H R/W External interrupt control 2 

RXBO B xxF 60H R Receive buffer 0 

TXBO B xxF 62H Transfer buffer 0 

SRMSO B xxF 65H R/W Serial receive macro service 0 
STMS1 B xxF 66H R/W Serial transmit macro service 1 
SCMO B xxF 68H 00H R/W Serial communication mode 0 
$Scco B xxF 69H 00H R/W Serial communication control 0 
BRGO B xxF6AH OOH R/W Baud rate generator 0 

SCEO B xxF 6BH 00H R Serial communication error 0 
SEICO B xxF6CH 47H R/W Serial error interrupt control 0 
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Table 3. Special Function Registers (cont) 


NEC 
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Name Byte/Word Address Reset Value (Note 2) R/W (Note 1) Function 

SRICO B xxF6DH 47H R/W Serial receive interrupt control 0 
STICO B xxF6EH 47H RW Serial transmit interrupt control 0 
RXB1 B xxF70H R Receive buffer 1 

-TXB1 B xxF72H Transmit buffer 1 

SRMS1 B xxF75H R/W Serial receive macro service 1 
STMS1 B xxF76H R/W Serial transmit macro service 1 
SCM1 B xxF78H 00H R/W Serial communication mode 1 
$CcCi B xxF79H 00H R/W Serial communication control 1 
BRG1 B xxF7AH 00H R/W Baud rate generator register 1 
SCE1 B xxF7BH 00H R Serial communication error 1 
SELIC1 B xxF7CH 47H R/W Serial error interrupt contro! 1 
SRIC1 B xxF7DH 47H R/W Serial receive interrupt control 1 
STIC1 B xxF7EH 47H R/W Serial transmit interrupt contro! 1 
TMO W xxF80H R/W Timer register 0 

TMOL B XXF80H R/W Timer register 0 low 

TMOH B xxF81H R/W Timer register 0 high 

MDO W xxF82H R/W Modulo register 0 

MDOL B xxF82H R/W Modulo register 0 low 

MDOH B xXxF83H R/W Modulo register 0 high 

TM1 Ww xxF88H R/W Timer register 1 

TM1L B xxF88H R/W Timer register 1 low 

TM1H B xxF89H R/W Timer register 1 high 

MD1 W xxF8AH R/W Modulo register 1 

MDI1L B xxF8AH R/W Modulo register 1 low 

MD1H B xxF98BH R/W Modulo register 1 high 

TMCO B xF90H 00H R/W Timer control 0 

TMC1 B xxF91H 00H R/W Timer control 1 

TMMSO B xxF94H R/W Timer macro service 0 

TMMSi# B xxF95H R/W Timer macro service 1 

TMMS2 B xxF96H R/W Timer macro service 2 

TMICO B xxF9CH 47H R/V Timer interrupt control 0 
TMICi B xxF9DH 47H R/V Timer interrupt control 1 
TMIC2 B xxF9EH 47H R/V Timer interrupt contro! 2 
DMACO B xxFAOH R/W DMA control 0 

DMAMO B xxFA1H R/W DMA mode 0 

DMAC1 °B xxFA2H R/V DMA control 1 

DMAM1 B xxFA3H 00H R/W DMA mode 1 

DICO B xxFACH 47H R/W DMA interrupt control 0 

DIC1 B xxFADH 47H R/V DMA interrupt contro! 1 

STBC B xxFEOH R/W Standby control 

RFM B xxFE1H FCH R/W Refresh mode 
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Table 3. Special Function Registers (cont) 

Name Byte/Word Address Reset Value (Note 2) R/W (Note 1) Function 

WIG Ww xxFE8H FFH R/V Wait control 

WTCL B xxFE8H FFH R/W Wait control low 

WTCH B xxFEQH FFH R/W Wait control high 

FLAG B xxFEACH 00H R/W Flag register 

PRC B xxFEBH 4EH R/W Processor control 

TBIC B xxFECH 47H R/V Time base IRC register 
ISPR B xxFFCH R In service priority register 
IDB B xxFFFH, FFFFFH R/W Internal data area base 
Notes: 


(1) R/W indicates whether register is available for read/write opera- 
tions. 


(2) Reset values not specified are undefined. 


SECURITY MODE OPERATION 


The security mode of the »PD70327 is designed to 
protect proprietary user software algorithms by encod- 
ing the user’s programs resident in external EPROM or 
ROM memory. The process encodes only the first byte of 
each opcode via a linear translation table. The decoding 
process is performed in real time within the »PD70327 
and thus does not impact system performance. The flow 
chart of the conversion process is shown in figure 30. 


Figure 30. Opcode Translation Flowchart 


Fetch customer code 
from instruction queue 


Collate with 
OP-conversion table 


Substitute V25/V35 
code for customer code 


a 


Execute instruction 


83YL-6755A 





The translation table is user-defined and is inserted into 
each nPD70327 mask at the factory. The »PD70327 can 
be dynamically switched from secure mode to normal 
mode, thus providing an additional measure of security 





as well as compatibility with existing ROM versions of 
V25 software. Note, however, that the V25 Software 
Guard does not support internal ROM. 


The opcode translator is effectively a look-up table that is 

inserted between the instruction prefetch queue and the 
instruction register of the »PD70327. A conceptual dia- Af 
gram of this is in figure 31. 





Figure 31. Code Converter Functional Diagram 


External 
Code 
Space 


V25S/V35S 


Converter 
Execution 


Translation 
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The code converter uses the encrypted opcode from the 
prefetch queue as an address, and provides the correct 
V25 opcode as data to the instruction register. An exam- 
ple of this is shown in figure 32. Again, only the first byte 
of each opcode is decoded, and subsequent bytes are 
passed directly from the prefetch unit to the execution 
unit. 
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Figure 32. Opcode Converter Translation Table 





V25V35 Code 
Al 34 12 


Opcode 
4A 34 12 


0 
0 {_] 
1] 
2] 
3{_] 
4 
5 (_| 
6 {|_| 
7C] 
8 |__| 
9{_] 
AL_l 
Bi_] 
cl_| 
DI__ 
E[_] 
FL 
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Mode Switching 


The transition from normal V25 instruction execution to 
secure instruction decoding and execution can be per- 
formed in either hardware or software. The hardware 
trigger source is provided by the N/S pin of the 
p»PD70327. This pin is listed as an internal connection pin 
on standard V25 systems, and as such, should be pulled 
up to Vpp through a resistor. Thus a 4PD70327 used ina 
standard V25 design will execute in normal mode iden- 
tically to the standard V25. 


The state of the N/S pin is read by the processor at 
system reset and determines the operational mode of the 
device at that point. Regardless of the state of this pin, 
the »PD70327 will begin program execution using regis- 
ter bank 7 as the default register set. (See figure 33.) If 
the processor samples the N/S pin in the low state, the 
first opcode fetched from the reset address will be 
decoded using the on-chip translation table. The N/S pin 
has an internal pull-up resistor that will set the device to 
normal mode operation with no external connections. 
The N/S pin should be set in hardware to a fixed logic 
state. a 


26 


NEC 


Figure 33. Operational Mode State 
Transition Diagram | 


HW/SW INT 


HW/SW INT 
(N/S = 0) 


HW INT Hardware Interrupt 
SW INT Software Interrupt (BRK, BRKCS, etc) 


RBn _ Register bank n is selected; 
n,n’, n"=0to7 
When system is reset, n = 7. 
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Software control of the operating mode is performed by 
the BRKS (Break for Secure Operation) and the BRKN 
(Break for Normal Operation) instructions. These op- 
codes are undefined codes on the standard V25, and 
should not be ported to standard V25 processor envi- 
ronments. These instructions are detailed in the instruc- 
tion set section. 


The operational state of the »PD70327 is specified by bit 
15 (MD) of the Program Status Word (PSW). The remain- 
der of the PSW is identical to that of the standard V25. 
Since portability of V25 and V25 Software Guard sys- 
tems is sometimes desired, bit 15 of the PSW should 
always be written as a logical 1 in standard V25 systems. 
As with the V25/V35, the upper 4 bits of the PSW cannot 
be updated by POP; the upper 8 bits of the PSW cannot 
be updated by MOV. Refer to the PSW diagram shown 
previously in the “Register Set” section of this data 
sheet. 


As can be seen in figure 33, the N/S pin is also sampled 
upon receipt of an interrupt (either software or hard- 
ware). The state of the N/S pin will determine the execu- 
tion mode of the interrupt service routine. The mode of 
the interrupted routine will be restored by the RETI or 
RETRBI that terminates the interrupt handler. Software 
mode changes (via the BRKS and BRKN instructions 
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described later) will always change the state of the MD 
bit of the PSW. The MD bit for these software interrupts is 
restored by the RETI instruction at the end of the mode 
switch software interrupt. 


Operation Timing 


Operational execution of the standard V25 and that of 
the V25 Software Guard are identical regardless of the 
operational mode selected for the V25 Software Guard. 
However, since the »PD70327 is a ROMless device, all 
memory cycles are nominally two system clock periods 
long. (This is in contrast to the one clock cycle ROM code 
fetch of the 4PD70322.) Due to its ROMless nature, the 
»PD70327 does not support the EA pin of the standard 
V25, and this pin (labeled IC) should be fixed to a logical 
high level in the hardware. 


ELECTRICAL SPECIFICATIONS 


The electrical specifications of the V25 Software Guard 
and the standard V25 are the same. Refer to the 
u#PD70320/322 (V25) Data Sheet. 


INSTRUCTION SET 


The instruction set of the V25 Software Guard and the 
standard V25 are the same except for the addition of two 
mode change instructions for the V25 Software Guard 
(BRKS and BRKN) described below. 


Table 5. Mode Change Instructions 


Mnemonic 
BRKS 


Operand 
imms (#3) 


Operation 


(SP - 5, SP - 6) + PC, SP — SP-6 
IE — 0, BRK - 0,MD<0 

PC = (nx 4 + 1,nx 4) 

PS + (nx4+3,nx4 + 2) 

n = imms 


BRKN imms (#8) 
(SP - 5, SP - 6) — PC, SP <- SP-6 
IE — 0, BRK < 0, MD < 1 
PC <— (nx 4 + 1,nx 4) 
PS + (nx 44+ 3,nx4 + 2) 


n = imms 


(SP - 1, SP- 2) — PSW, (SP-3,SP-4)< PS, 1 1 1 1 


(SP - 1, SP - 2) — PSW, (SP-3,SP-4)< PS, 0 110 001 1 2 
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BRKS Instruction 


The BRKS instruction switches operation to security (S) 
mode and generates a vectored interrupt. In S mode, the 
fetched operation code is executed after conversion in 
accordance with the built-in translation table. 


The RETI instruction is used to return to the operating 
mode prior to execution of the BRKS instruction. 
BREN Instruction 


The BRKN instruction switches operation to normal (N) 
mode and generates a vectored interrupt. In N mode, the 
fetched instruction is executed as a u»PD70320/70322 
(V25) operation code. 


The RETI instruction is used to return to the operating 
mode prior to execution of the BRKN instruction. 


Opcodes 


Clock counts and opcodes applicable to the added mode 
change instructions are in tables 4 and 5. 


Table 4. Instruction Clock Counts 





Mnemonic Operand *Clocks 
BRKS imms (#38) 56 + 10T [44 + 107] 
BRKN imms (#38) 56 + 10T [44 + 10T] 


* Clock counts are specified for RAM enabled and [RAM disabled]. 


Operation Code 
7 6 5 4 3 2 1 O No.of Bytes 
000 1 2 


Flags 
Not applicable 


Not applicable 
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Description 


The »PD70337 (V35 Software Guard) is a_high- 
performance, 16-bit, single-chip microcomputer with a 
16-bit external data bus. The »PD70337 is fully software 
compatible with the »PD70108/116 (V20®/V30®) as well 
as the »PD70320/330 (V25™/V35™). 


The »PD70337 allows external executable code to be 
encrypted by a user-defined translation table. The 
uPD70337 will automatically decode the encrypted op- 
codes internally before the instructions are moved into 
the instruction execution register As a result, the 
uPD70337 offers identical performance to the standard 
V35 even during security mode operation. The security 
feature may be selected by hardware and/or software, 
and may be switched from one state to the other under 
software control. 


The »PD70337 has the same complement of internal 
peripherals as the standard V35 and maintains compat- 
ibility with existing drivers. Other than the additional 
mode select pin, the »PD70337 also maintains pin com- 
patibility with other members of the standard V35 family. 


Note: The electrical specifications of the V35 Software 
Guard and the standard V35 are the same. The 
instruction sets are also the same except BRKS and 
BREN are added to control the Security and Normal 
operational modes. For electrical specifications and 
standard instructions, refer to the «PD70330/332 
(V35) Data Sheet. 


Features 


Security and normal operational modes 
System clock speeds to 8 MHz (16-MHz crystal) 
16-bit CPU and internal data paths 

Functional compatibility with V35 

Software upward compatible with »PD8086 
New and enhanced V-Series instructions 

6-byte prefetch queue 

Two-channel on-chip DMA controller 

Minimum instruction cycle: 250 ns at 8 MHz 


0aq00 O00 QQ 00 0 


V20 and V30 are registered trademarks of NEC Corporation. 
V35 and V35 are trademarks of NEC Corporation. 
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16-Bit Microcomputer: 


Software-Secure, Single-Chip, CMOS 


O Internal 256-byte RAM memory 


O 1-megabyte memory address space; 64K-byte I/O 
space 


O Eight internal RAM-mapped register banks 


© Four multifunction !/O ports 
— 8-bit analog comparator port 
— 20 bidirectional port lines 
— Four input-only port lines 


O Two independent full-duplex serial channels 


O Priority interrupt controller 
— Standard vectored service 
— Register bank switching 
— Macroservice 


Pseudo SRAM and DRAM refresh controller 
Two 16-bit timers 

On-chip time base counter 

Programmable wait state generator 

Two standby modes: STOP and HALT 


oo oO 0 DO 


Ordering Information 


Part Number Clock (MHz) Package 
p#PD70337L-8-xxx 8 84-pin PLCC 
GJ-8-0x 8 94-pin plastic QFP 
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Pin Configurations 


84-Pin PLCC 


¢ |b 
wil” 
Lu jl 
cla 
ane 
PE: 


PT7 

PT6 

PTS 

PT4 

PT3 

PT2 

PT! 

PTO 
P17/READY 
P1g/SCKO 

P15 /TOUT 
P14 /INT/POLL 
P13 /INTP2/INTAK 
Pig ANTP1 
P14 /INTPO 
P19 /NMI 

P27 /HLDRQ 
P2g /HLDAK 
P25 /TC1 

P24 /DMAAK1 
P23 /DMARQ1 


P07 /CLKOUT 
Do 
Dy 
Do 
Dg 
D4 
Ds 
Dg: 


Ci 40 





Ay2/A4 33 
Aig/Asg U] 34 
Aya/Ag Cf 35 
Ay5/A7 CY 36 
Aig/Ag UY 37 
Ai7/Aig CL] 38 
P29/TCo CJ 52 


Aig/UBE 
P29 /DMARQO L} 48 
P24 /DMAAKO CL] 51 


Notes: 


(1) Connect pin 9 to GND through a 5- to 10-kQ resistor. 


(2) All IC pins should be tied together and pulled up to Vpp with a 
10- to 20-kQ resistor. 
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94-Pin Plastic QFP 


73 1) P07/CLKOUT 


94D) Ag /Aqy 


A12/Aq 
NC 
AiglAs 
A1i4lAg 
Ay5/A7 
Aig/Ag 
A17/A18 
Ai9 

At /UBE 
RxDO 
GND 
CTSO 
TxDo 
RxD1 
CTS! 
TxD1 

P20 /DMARQO 


O. 


oan onunnh on = 


= 
o 


11 


ao oe 
-& OND 





Nm |e ow ow ow 
= OO ON OW 


P21 /DMAAKO 
NC 
P22/TCO 


NN 
oO nM 





P24 /DMAAK1 [Tf 26 
P25 /TC1 [] 27 
P2g/HLDAK [J 28 
P27/HLDRQ [4 29 
Pig /NMI (J 30 

P14 JINTPO CJ 31 
Pio AINTP1 (] 32 
Pig /INTP2/INTAK C} 33 
P14 /INT/POLL C] 34 
Pig TOUT 1 35 
P1g/SCKO L] 36 
P17 /READY C} 37 


P23 /DMARQ1 [] 25 


Notes: 
(1) Connect pin 69 to GND through a 5- to 10kQ resistor. 


(2) All IC pins should be tied together and pulled up to Vpp witha 
10- to 20-kQ resistor. 
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Pin Identification 


Symbol 
Ag-Aig 
CLKOUT 
CTso 
CTsi 
Do-Dis5 
DMAAKO 
BMAAKT 
DMARQO 
DMARQ1 
HALDAK 
HLDRQ 


PO9-P07 
P19-P17 
P29-P27 











Function 

Address bus outputs 

System clock output 

Clear-to-send input, serial channel 0 
Clear-to-send input, serial channel 1 
Bidirectional data bus 

DMA acknowledge output, DMA controller channel 0 
DMA acknowledge output, DMA controller channel 1 
DMA request input, DMA controller channel 0 
DMA request input, DMA controller channel 1 
Hold acknowledge output 

Hold request input 

Interrupt request input 

Interrupt acknowledge output 

Interrupt request 0 input 

Interrupt request 1 input 

Interrupt request 2 input 

1/0 read or write strobe output 

Memory request output 

Memory strobe output 

Nonmaskable interrupt request 

Normal mode/security mode select input 

1/0 port 0 

VO port 1 

VO port 2 


Input on POLL synchronizes the CPU and external 
devices 


Comparator port input lines 

Ready signal! input controls insertion of wait states 
DRAM refresh request output 

Reset signal input 

Read/write strobe output 

Receive data input, serial channel 0 

Receive data input, serial channel 1 

Serial clock output 

Terminal count output; DMA completion, channel 0 
Terminal count output; DMA completion, channel 1 
Timer output 

Transmit data output, serial channel 0 

Transmit data output, serial channel 1 

Upper byte enable 


Connections to external frequency control source 
(crystal, ceramic resonator, or clock) 


Symbol Function 

Vop +5-volt power source input (two pins) 

VTH Threshold voltage input to comparator circuits 
GND Ground reference (two pins) 

Ic Internal connection; must be tied to Vpp externally 


through a pullup resistor 


PIN FUNCTIONS 
Ao-Aig (Address Bus) 


To support dynamic RAMs, the 20-bit address is multi- 
plexed on 11 lines. When MREQ is asserted, Ag-A;7 are 
valid. When MSTB or IOSTB is asserted, Ay-Ag and Aig 
are valid. Ayg is also multiplexed with UBE and is valid 
when MREQ is asserted. Therefore Ajg is active through- 
out the bus cycle. Ayg and Ao are not multiplexed but 
have dedicated pins and are valid throughout the bus 
cycle. 


CLKOUT (Clock Out) 


The system clock (CLK) is distributed from the internal 
clock generator to the CPU and output to peripheral 
hardware at the CLKOUT pin. This pin is sampled at 
system reset. 


CTSO (Clear-to-Send 0) 


This is the CTS pin of the channel 0 serial interface. In 
asynchronous mode, a low-level input on CTSO enables 
transmit operation. In I/O interface mode, CTSO is the 
receive clock pin. 


CTS1 (Clear-to-Send 1) 


This is the CTS pin of the channel 1 serial interface. In 
asynchronous mode, a low-level input on CTS1 enables 
transmit operation. 

















Do-Di5 (Data Bus) 
Do-Dis5 is the 16-bit data bus. 


DMAAKO and DMAAK1 (DMA Acknowledge) 


These are the DMA acknowledge outputs of the DMA 
controller, channels 0 and 1. Signals are not output 
during DMA memory-to-memory transfer operations 
(burst mode, single-step mode). 


DMARGO and DMARQ1 (DMA Request) 


These are the DMA request inputs of the DMA controller, 
channels 0 and 1. 
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HLDAK (Hold Acknowledge) 


The HLDAK output signal indicates that the hold request 
(HLDRQ) has been accepted. When HLDAK is active 
(low), the following lines go to the high-impedance state 
with internal 4700-Q pullup resistors: Ap-Ajg, Do-D7, 
[OSTB, MREQ, MSTB, REFRQ, and R/W. 














HLDRQ (Hold Request) 


The HLDRQ input from an external device requests that 
the n.PD70335 relinquish the address, data, and control 
buses to an external bus master. 


INT (Interrupt) 


The INT input is a vectored interrupt request from an 
external device that can be masked by software. The 
active high level is detected in the last clock cycle of an 
instruction. The external device confirms that the INT 
interrupt request has been accepted by the INTAK signal 
output from the CPU. 


The INT signal must be held-high until the first INTAK 
signal is output. Together with INTAK, INT is used for 
operation with an interrupt controller such as »PD71059. 








INTAK (Interrupt Acknowledge) 


The INTAK output is the acknowledge signal for the 
software-maskable interrupt request INT. The INTAK sig- 
nal goes low when the CPU accepts INT. The external 
device inputs the interrupt vector to the CPU via data 
bus Do-D7 in synchronization with INTAK. 





INTPO, INTP1, INTP2 (Interrupt from Peripheral 0, 
1, 2) 


The INTPn inputs (n = 0, 1, 2) are external interrupt 
requests that can be masked by software. The INTPn 
input is detected at the effective edge specified by 
external interrupt mode register INTM. 





The INTPn input is also used to release the HALT mode. 


IOSTB (1/O Strobe) 


A low-level output on IOSTB indicates that the I/O bus 
cycle has been initiated and that the I/O address output 
on Ao-Aj5 is valid. 


MREQ (Memory Request) 


A low-level output on MREQ indicates that the memory or 
I/O bus cycle has started and that address bits Ao, 
Ag-Ai7, Aig and Ajg are valid. 
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MSTB (Memory Strobe) 


Together with MREQ and R/W, MSTB controls memory- 
accessing operations. MSTB should be used either to 
enable data buffers or as a data strobe. During memory 
write, a low-level output on MSTB indicates that data on 
the data bus is valid. A low-level output on MSTB indi- 
cates that multiplexed address bits Ay-Ag, Ayg, and UBE 
are valid. 











NMI (Nonmaskable Interrupt) 


The NMI input is an interrupt request that cannot be 
masked by software. The NMI is always accepted by the 
CPU; therefore, it has priority over any other interrupt. 


The NMI input is detected at the effective edge specified 
by external interrupt mode register INTM. Sampled in 
each clock cycle, NMI is accepted when the active level 
lasts for some clock cycles. Whenthe NMI is accepted, a 
number 2 vector interrupt is generated after completion 
of the instruction currently being executed. 


The NMI input is also used to release the CPU standby 
mode. 


N/S (N Mode/S Mode) 


Normal or security mode is selected by a fixed high level 
(N) or low level (S) at this pin. This pin is sampled at 
system reset and at the acceptance of interrupts. 


POp-P07 (Port 0) 
Port 0 is an 8-bit bidirectional I/O port. 


Pi9-P17 (Port 1) 


Lines P14-P17 are individually programmable as an input, 
output, or control function. The status of P19- P13 can be 
read but these lines are always control functions. 


P2 -P27 (Port 2) 


P2o-P27 are the lines of port 2, an 8-bit bidirectional 1/O 
port. These lines can also be used as control signals for 
the on-chip DMA controllers. 





POLL (Poll) 


The POLL input is checked by the POLL instruction. If 
the level is low, execution of the next instruction is 
initiated. If the level is high, the POLL input is checked 
every five clock cycles until the level becomes low. The 
POLL functions are used to synchronize the CPU pro- 
gram and the operation of external devices. 
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Note: POLL is effective when P1, is specified for the input 
port mode; otherwise, POLL is assumed to be at low 
level when the POLL instruction is executed. 





PTO-PT7 (Port with Comparator) 


The PT input is compared with a threshold voltage that is 
programmable to one of 16 voltage steps individually for 
each of the eight lines. 


READY (Ready) 


After READY is de-asserted low, the CPU will synchro- 
nize and insert at least two wait states into a read or 
write cycle to memory or I/O. This allows the processor 
to accommodate devices whose access times are longer 
than normal execution allows. 


REF RQ (Refresh Request) 


This output pulse can refresh nonstatic RAM. It can be 
programmed to meet system specifications and is inter- 
nally synchronized so that refresh cycles do not interfere 
with normal CPU operation. 


RESET (Reset) 


This input signal is asynchronous. A low on RESET fora 
certain duration resets the CPU and all on-chip periph- 
erals regardless of clock operation. The reset operation 
has priority over all other operations. 


The reset signal is used for normal initialization/startup 
and also for releasing the STOP or HALT mode. After the 
reset signal returns high, program execution begins 
from address FF FFOH. 


R/W (Read/Write Strobe) 


When the memory bus cycle is initiated, the R/W signal 
output to external hardware indicates a read (high- level) 
or write (low-level) cycle. It can also control the direction 
of bidirectional buffers. 


RxDO, RxD1 (Receive Data 0, 1) 
These pins input data from serial channels 0 and 1. 


In the asynchronous mode, when receive operation is 
enabled, a low level on the RxDO or RxD1 input pin is 
recognized as the start bit and receive operation is 
initiated. 


NEC 


In the I/O interface mode (channel 0 only), receive data is 
input to the serial register at the rising edge of the 
receive clock. 


SCKO (Serial Clock) 


The SCKO output is the transmit clock of serial channel 
0. 


TCO, TC1 (Terminal Count 0, 1) 


The TCO and TCi outputs go low when the terminal 
count of DMA service channels 0 and 1, respectively, 
reach zero, indicating DMA completion. 


TOUT (Timer Output) 


The TOUT signal is a square-wave output from the 
internal timer. 


TxDO, TxD1 (Transmit Data 0, 1) 
These pins output data from serial channels 0 and 1. 


In the asynchronous mode, the transmit signal is in a 
frame format that consists of a start bit, 7 or 8 data bits 
(least significant bit first), parity bit, and stop bit. The 
TxDO and TxD1 pins become mark state (high level) 
when transmit operation is disabled or when the serial 
register has no transmit data. 


In the I/O interface mode (channel 0 only), the frame has 
8 data bits and the most significant bit is transmitted 
first. , 


UBE (Upper Byte Enable) 


UBE is a high-order memory bank selection signal out- 
put. UBE and Ag determine which bytes of the data bus 
will be used. UBE is used with Ag to select the even/odd 
banks as follows. 


Operand UBE Ao Number of Bus Cycles 
Even address word 0 0 1 
Odd address word 0 1 2 
1 0 
Even address byte 1 0 1 
Odd address byte 0 1 1 
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X1, X2 (Clock Control) 


The frequency of the internal clock generator is con- 
trolled by an external crystal or ceramic resonator 
connected across pins X1 and X2. The crystal frequency 
is the same as the clock generator frequency fx. By 
programming the PRC register, the system clock fre- 
quency fox is selected as fy divided by 2, 4, or 8. 


As an alternative to the crystal or ceramic resonator, the 
positive and negative phases of an external clock (with 
frequency fy) can be connected to pins X1 and X2. 


Vpp (Power Supply) 


+5-volt power source (two pins). 


»PD70337 Block Diagram 


Programmable 
DMA 
Controller 


Serial 
Interface 


Baud Rate 
Generator 


Internal RAM 
256 Bytes 


<—) * General 


Registers 
* Macro 

Service 

Channel 


Vtu (Threshold Voltage) 


Comparator port PTO-PT7 uses threshold voltage Vr to 
determine the analog reference points. The actual 
threshold to each comparator line is programmable to 
VtH x n/16 where-n = 1 to 16. 


GND (Ground) 


Ground reference (two pins). 


IC (Internal Connection) 


Internal connection; must be tied to Vpp externally 
through a 10-k2 to 20-kQ resistor. 


yore} Buibers 
yoye7 Bulbes 


a 


pel 
Pf 


Translation 
Table 


91607] [o1]U0D sng 


Instruction Decoder 


Programmable 
Interrupt 
_Controtler 


Micro Sequencer 
Micro ROM 
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V25/V35 FAMILY 


This addition to the V25/V35 family of high-integration 
microcomputers—the V35 Software Guard (V35S)— 
offers a direct DRAM interface with an external 16-bit 
data path. It supports both native V25/V35 operational 
modes as well as the enhanced security mode of 
operation. The security mode allows external code 
memory to be encrypted, thus preventing the 
unauthorized inspection of proprietary algorithms. 


V35S Comparison to V25S 


The V35S is fully software compatible with the .PD8088/ 
8086 and the »PD70118/70116 (V20/V30) instruction set. 
Because the V35S is a ROMless part, all code must be 
located in external memory. The external memory may 
contain both encrypted opcodes and/or normal V-series 
opcodes. 


The V35S contains the same core and peripherals as the 
V25 Software Guard (V25S). The main difference be- 
tween the two is confined to the external bus interface 
and bus control logic. While the V25S is designed with 
an 8-bit external interface, the V35S provides the full 
16-bit external data path. 


The V35S external data bus is non-multiplexed; however, 
the 20-bit address bus is multiplexed to provide a direct 
DRAM style RAS/CAS bus cycle. As a result, the nominal 
bus cycle is three CLKOUT states. During the first bus 
state, the address lines output the high 9 bits of the 
physical address, A17-Ag. During the second bus state, 
the address lines output low address bits Ag-A;. Address 
lines Ayg and Ag are not multiplexed and are valid during 
the entire bus cycle. Address line Aig is multiplexed with 
the Upper Byte Enable signal (UBE) and is valid as an 
address during bus state one. During 16-bit transfers to 
odd addresses (UBE = 0 and Ao = 1), two 8-bit bus 
cycles are performed. 


The memory control signals of the V35S and V25S are 
identical; however, certain timing specifications are dif- 
ferent, particularly for static memory interfaces. Refer to 
the V35 Data Sheet for these timing parameters. Typi- 
cally, the MREQ signal is used to generate the DRAM 
RAS control signal, and the MSTB signal is used to 
generate the CAS signal. Like the V25S, the V35S pro- 
vides an output from the internal refresh control unit, 
which is also typically gated into the DRAM RAS signal. 
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Another function of the V35S that is different from the 
V25S is the operation of the READY input pin. This pin is 
sampled in the middle of the second bus cycle (BAW1) on 
the V25S; the V35S samples one clock period later in the 
middle of BAW2. 


Other than these bus controller differences, the V35S is 
identical to the V25S in its operation. All internal periph- 
erals are programmed and operate in the same manner 
as those of the V25S. The instruction sets of the two 
processors are identical, and internally both processors 
operate on 16-bit data paths. Additionally, the security 
mode of the V35S functions identically to that of the 
V25S, although it fetches 16-bits of opcode per fetch 
cycle. 


V35S Comparison to Standard V35 


The V35S contains the same peripherals and maintains 
full upward functional compatibility with the standard 
V35. All internal functional units operate and are pro- 
grammed the same as those of the V35. The instruction 
set is also a direct superset of the standard V35, contain- 
ing all instructions of the V35 and adding only two to 


_ select the secure/normal operational modes. 


The pinouts of the V35S and the V35 are the same except 
for two pins. 


(1) EA on the V35 is IC on the ROMless V35S. 
(2) N/S onthe V35S is IC on the V35. 


Ail other pins on the V35S perform identical functions to 
corresponding pins on the V35. 


SECURITY MODE OPERATION 


The security mode of the »PD70337 is designed to 
protect proprietary user software algorithms by encod- 
ing the user’s programs resident in external system 
EPROM or ROM memory. The process encodes only the 
first byte of each opcode via a linear translation table. 
The decoding process is performed in real time within 
the »PD70337 and thus does not impact system perfor- 
mance. The flowchart of the conversion process is 
shown in figure 1. : 
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Figure 1. Opcode Translation Flowchart 


Collate with 
OP-conversion table 


Substitute V25/V35 
code for customer code 
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The user-defined translation table is inserted into each 
p.PD70337 mask at the factory. The n.PD70337 can be 
dynamically switched from secure mode to normal 
mode, thus providing an additional measure of security 
as well as compatibility with existing ROM versions of 
V35 software. Note, however, that the V35 Software 
Guard does not support internal ROM. 


The opcode translator is effectively a look-up table that is 
inserted between the instruction prefetch queue and the 
instruction register of the »PD70337. A conceptual dia- 
gram of this is in figure 2. 


Figure 2. Code Converter Functional Diagram 
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The code converter uses the encrypted opcode from the 
prefetch queue as an address, and provides the correct 
V35 opcode as data to the instruction register. An exam- 
ple of this is shown in figure 3. Again, only the first byte 
of each opcode is decoded, and subsequent bytes are 
passed directly from the prefetch unit to the execution 
unit. 


Figure 3. Opcode Converter Translation Table 


Decoded 
V25/V35 Code 


Al 34 12 


Encoded 
Opcode 


4A 34 12 


1 
I] 
= 
|__| 
|__| 
— 
|_| 
|_| 
|_| 
|__| 


0 
0 L_) 
11] 
2] 
3|_] 
4+—] 
51] 
6 |] 
74 
8 1_] 
91] 
AL] 
Bi_| 
cl_| 
DI_| 
E |_| 
FL 
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Mode Switching 


The transition from normal V35 instruction execution to 
secure instruction decoding and execution can be per- 
formed in either hardware or software. The hardware 
trigger source is provided by the N/S pin of the 
uPD70337. This pin is listed as an internal connection pin 
on standard V35 systems, and as such, should be pulled 
up to Vpp through a resistor. Thus, a »PD70337 used ina 


‘standard V35 design will execute in normal mode iden- 


tically to the standard V35. 


The state of the N/S pin is read by the processor at 
system reset and determines the operational mode of the 
device at that point. Regardless of the state of this pin, 
the »PD70337 will begin program execution using regis- 
ter bank 7 as the default register set. (See figure 4.) If the 
processor samples the N/S pin in the low state, the first 
opcode fetched from the reset address will be decoded 
using the on-chip translation table. The N/S pin has an 
internal pull-up resistor that will set the device to normal 
mode operation with no external connections. The N/S 
pin should be set in hardware to a fixed logic state. 
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Figure 4. Operational Mode State 
Transition Diagram 





(N/S = 0) 


Hardware interrupt 
Software Interrupt (BRK, BRKCS, etc) 


Register bank n is selected; . 
n,n',n"=0to7 
When system is reset, n =.7. 
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Software control of the operating mode is performed by 
the BRKS (Break for Secure Operation) and the BRKN 
(Break for Normal Operation) instructions. These op- 
codes are undefined codes on the standard V35 and 
should not be ported to standard V35 processor envi- 
ronments. These instructions are detailed in the instruc- 
tion set section. 


The operational state of the 1PD70337 is specified by bit 
15 (MD) of the Program Status Word (PSW). The remain- 
der of the PSW (figure 5) is identical to that of the 
standard V35. Since portability of V35 and V35 Software 
Guard systems is sometimes desired, bit 15 of the PSW 
should always be written as a logical 1 in standard V35 
systems. As with the V25/V35, the upper 4 bits of the 
PSW cannot be updated by POP; the upper 8 bits of the 
PSW cannot be updated by MOV. 


Consult the uPD70327 (V25 Software Guard) data sheet 
for additional details of secure mode operation 
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Figure 5. Program Status Word (PSW) 
[wo [Ree [rar [Reo |v [OR | © | BRK 
15 8 
Ps pzTa[<[ me | [eae or 
7 0 
Status Flag Control Flags 
Vv Overflow bit DIR _ Direction of string processing 
S Sign IE Interrupt enable 
z Zero BRK Break (after every instruction) 
AC Auxiliary carry RBn Current register bank flags 
P Parity BRKI_ 1/O trap enable 
CY Carry FO, F1 General-purpose user flags 
(accessed by flag SFR) 
MD _— Normal/security mode select 
Operation Timing 


Operational execution of the standard V35 and that of 
the V35 Software Guard are identical regardless of the 
operational mode selected for the V35 Software Guard. 
However, since the »PD70337 is a ROMless device, all 
memory cycles are nominally three system clock periods 
long. (This is in contrast to the one clock cycle ROM code 
fetch of the »PD70332.) Due to its ROMless nature, the 
pPD70337 does not support the EA pin of the standard 
V35, and this pin (labeled IC) should be fixed to a logical 


‘high level in the hardware. 


ELECTRICAL SPECIFICATIONS 


The electrical specifications of the V35 Software Guard 
and the standard V35 are the same. Refer to the 
p»PD70330/332 (V35) Data Sheet. 


INSTRUCTION SET 


The instruction sets of the V35 Software Guard and the 
standard V35 are the same except for the addition of two 
mode change instructions for the V35 Software Guard 
(BRKS and BRKN) described below. 


N: KE Cc HPD70337 (V35 Software Guard) 


BRKS Instruction The RETI instruction is used to return to the operating 


The BRKS instruction switches operation to security (S) ORE PHC ENO SxS Cublon CF INe a ninstre non 


mode and generates a vectored interrupt. In S mode, the Opcodes 
fetched operation code is executed after conversion in 
accordance with the built-in translation table. Clock counts and opcodes applicable to the added mode 


‘ got : change instructions are in tables 1 and 2. 
The RETI instruction is used to return to the operating ? 


mode prior to execution of the BRKS instruction. Table 1. Instruction Clock Counts 
BRKN Instruction Mnemonic Operand *Clocks 
BRKS imms (#3) 56 + 107 [44 + 10T] 


The BRKN instruction switches operation to normal (N) 
mode and generates a vectored interrupt. In N mode, the 
fetched instruction is executed as a »PD70330/70332 * Clock counts are specified for internal RAM enabled and [internal 
(V35) operation code. FAN cleabled]: 


BRKN imms (#3) 56 + 10T [44 + 107} 


Table 2. Mode Change Instructions 
Operation Code 


Mnemonic Operand Operation 7 6 5 4 3 2 1 Q No. of Bytes Flags 
BRKS imms (#3) (SP-1,SP-2) + PSW (SP-3,SP-4)<PS, 1 1 1 1 000 1 2 Not applicable 
(SP — 5, SP - 6) + PC, SP — SP-6 
IE — 0, BRK — 0, MD - 0 


PC + (nx4 + 1,nx 4) 
PS + (nx 44+ 3,nx4 4+ 2) 
n = imms 


BRKN imms (#3) (SP- 1, SP -—2) — PSW, (SP-3,SP-4)< PS, 01 10 001 1 2 Not applicable 
(SP - 5, SP —- 6) < PC, SP <- SP-6 
IE « 0, BRK — 0, MD = 1 
PC + (nx4 4+ 1,nx4) 
PS — (nx4+3,nx4 +2) 
n = imms 
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NEC 


NEC Electronics Inc. 


Description 


The »PD79011 is an upgraded uPD70322 (V25™) single- 
chip microcomputer with a built-in real-time operating 
system (RTOS). 


The »PD79011 provides high-speed multitask processing 
particularly suited for real-time event processing and as 
a kernel of an embedded control system for process 
control and data processing applications. 


The RTOS kernel provides extensive system calls for 
task synchronization, control, and communication as 
well as interrupt and time management. 


The »PD79011 instruction set is the same as the V25 
instruction set. The .PD79011 hardware is also identical 
to the standard V25, but uses 6K of the internal ROM for 
RTOS system code. Refer to the V25 Data Sheet. 


Features 


Q Real-time multitask processing 


0 Supports five types of system calls 
— Task management 
— Communication management 
— Memory management 
— Time management 
— Interrupt management 


& High-speed response to events 
— System call processing shortens time to 41 ys 
(minimum) when operated at 8 MHz 
— High-speed task switching using V25 register 
banks 


V25 is a trademark of NEC Corporation. 

CP/M is a registered trademark of Digital Research, Inc. 
MS-DOS is a registered trademark of Microsoft Corporation. 
VMS is a trademark of Digital Equipment Corporation. 

UNIX is a trademark of AT&T Bell Laboratories. 
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16-Bit Microcomputer: 
Single-Chip, CMOS, 
With Built-In RTOS 


Q Flexibility to perform status changes by event 
driven task scheduling function 


System clock: 8 MHz maximum 

V25 hardware compatibility 

CMOS technology 

Development tools 

— V25 software can be used without modification 
— Relocatable assembler (RA70320) 

—C compiler (CC 70116) 


— Concurrent CP/M®, MS-DOS®, VMS”™, and 
UNIX™ base 


oO O80 O 


Ordering Information 


Part Number Clock Package 
uPD79011L-8 8 MHz 84-pin PLCC 
GJ-8 8 MHz 94-pin plastic QFP 
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Pin Configurations 


84-Pin PLCC 


82 [J REFRQ 
81 LI RESET 


PO 7/CLKOUT PT7 
D PT6 
<i PTS 
Do ; PT4 
D3 PT3 
D4 PT2 
Ds PT1 
Dg PTO 
D7 P17/READY 
Ao P1g/SCKO 
Ay Pig/TOUT _ 
Ap P14 /INT/POLL_ 
A3 s P41 g /INTP2/INTAK 
Ag Pig /iNTPA 
A5 P14 /INTPO 
Ag P19 /NMI 
Az P27 /HLDRQ 
Ag P26 /HLDAK 
Ag P25 /TC1 

P24'/DMAAK1 
A44 P23 /DMARQ1 


P29 /DMARQo C] 48 
P21 /DMAAKO [C] 51 
P22/TCo Cf 52 


All IC pins should be tied together and pulled up to V pp witha 
10- to 20-kQ resistor. 
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94-Pin Plastic QFP 


73 po7/CLKOUT 


A12 
NC 
A413 

| A44 
A4s 
A16 
A417 
Aig 
A1g 
RxDO 
GND 
CTSO 
TxDO 
RxD1 
CTSi 
TxD1 
P20 /OMARQO 


On onnr WH = 





P24 /DMAAKO 
NC 
P22/TCO 


P25 /TC1 (4 27 
P2g/HLDAK [J 28 
P27 /HLDRQ [} 29 

Pio ‘NMI (4 30 
Pt, AINTPO C] 31 
Pia AINTP1 LC} 32 

Pig ANTP2/INTAK [J 33 
P14 AINT/POLL [J 34 
Pig TOUT [J 35 

Pig /SCKO CL] 36 

P17 /READY C] 37 


P2g /DMARQi [] 25 
P24 /DMAAK1 C] 26 


Note: All IC pins should be tied together and pulled up to VDD witha 


10- to 20-kQ resistor. 
83S1.-6720B 
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Pin Identification 


Symbol 
Ao-Aig 
CLKOUT 
CTsO 
CTst 
Do-D7 
IOSTB 
MREQ 
MSTB 
P09-P07 
P1o/NMI 


P14-P1o/ 
INTPO-INTPT 


Pis/INTP2/INTAK 


Pi,/INT/POLL 
P15/TOUT 
P1¢/SCKO 
P17/READY 
P29/DMARQO 
P2,/DMAAKO 
P2,/TCO 
P2./DMARQ1 
P2,4/DMAAK1 
P25/TC1 
P26/HCDAK 
P27/HLDRQ 
PTO-PT7 
REFRQ 
RESET 
RxD0 

RxD1 

RW 

TxDO 

TxD1 

X1, X2 





Vpp 

VTH 

GND 
Ic 


Function 

Address bus outputs 

System clock output 

Clear to send channel 0 input 
Clear to send channel 1 input 
Bidirectional data bus 

1/O strobe output 

Memory request output 
Memory strobe output 

VO port 0 

Port 1 input line; nonmaskable interrupt 


Port 1 input lines; Interrupt requests from 
peripherals 0 and 1 


Port 1 input line; Interrupt requests from 
peripheral 2; Interrupt acknowledge output 


/O port 1; Interrupt request input; I/O poll input 
I/O port 1; Timer out 

1/O port 1; Serial clock output 

I/O port 1; Ready input 

I/O port 2; DMA request 0 

1/0 port 2; DMA acknowledge 0 

I/O port 2; DMA terminal count 0 

1/0 port 2; DMA request 1 

I/O port 2; DMA acknowledge 1 

/O port 2; DMA terminal count 4 

/O port 2; Hold acknowledge output 
I/O port 2; Hold request input 
Comparator port input lines 

Refresh pulse output 

Reset input 

Serial receive data channel 0 input 
Serial receive data channel 1 input 
Read/write output 

Serial transmit data, channel 0 input 
Serial transmit data, channel 1 input 
Crystal connection terminals 
Positive power supply voltage 
Threshold voltage input for comparator 
Ground reference 


Internal connection 


PIN FUNCTIONS 
Ao-Aig (Address Bus) 


Ao-Aig is the 20-bit address bus used to access all 
external devices. 


CLKOUT (System Clock) 


This is the internal system clock. It can be used to 
synchronize external devices to the CPU. 


CTSn, RxDn, TxDn, SCKO (Clear to Send, 
Receive Data, Transmit Data, Serial Clock Out) 


The two serial ports (channels 0 and 1) use these lines 
for transmitting and receiving data, handshaking, and 
serial clock output. 


Do-D7 (Data Bus) 


Do-D7 is the 8-bit external data bus. 


DMARQn, DMAAKn, TCn (DMA Request, DMA 
Acknowledge, Terminal Count) 


These are the contro! signals to and from the on-chip 
DMA controller 


HLDAK (Hold Acknowledge) 


The HLDAK output (active low) informs external devices 
that the CPU has released the system bus. 


HLDRQ (Hold Request) 


The HLDRQ input (active high) is used by external 
devices to request the CPU to release the system bus to 
an external bus master. The following lines go into a 
high-impedance state with internal 4.7-kQ pullup resis- 
tors: Ag-Ajg, Do-D7, MREQ, R/W, MSTB, REFRQ, and 
IOSTB. 











INT (Interrupt Request) 


INT is a maskable, active-high, vectored request inter- 
rupt. After assertion, external hardware must provide the 
interrupt vector number. 


INTAK (Interrupt Acknowledge) 


After INT is asserted, the CPU will respond with INTAK 
(active low) to inform external devices that the interrupt 
request has been granted. 
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INTPO-INTP2 (External Interrupt) 


INTPO-INTP2 allow external devices to generate inter- 
rupts. Each can be programmed to be rising or falling 
edge triggered. 


IOSTB (I/O Strobe) 


IOSTB is asserted during read and write operations to 
external I/O. 


MREQ (Memory Request) 


MREQ (active low) informs external memory that the 
current bus cycle is a memory access bus cycle. 


MSTB (Memory Strobe) 


MSTB (active low) is asserted during read and write 
operations to external memory. 


NMI (Nonmaskable Interrupt) 


NMI cannot be masked through software and is typically 
used for emergency processing. Upon execution, the 
interrupt starting address is obtained from interrupt 
vector number 2. NMI can release the standby modes 
and can be programmed to be either rising or falling 
edge triggered. 


PQo-P07 (Port 0) 


POo-P07 are the lines of port 0, an 8-bit bidirectional 
parallel I/O port. 


Pi9-P17 (Port 1) 


The status of P19-P13 can be read but these lines are 
always control functions. P14-P17 are the remaining lines 
of parallel port 1; each line is individually programmable 
as either an input, an output, or a control function. 


P29-P27 (Port 2) 


P29-P27 are the lines of port 2, an 8-bit bidirectional 
parallel I/O port. The lines can also be used as control 
signals for the on-chip DMA controller. 


POLL (Poll) 


Upon execution of the POLL instruction, the CPU checks 
the status of this pin and, if low, program execution 
continues. If high, the CPU checks the level of the line 
every five clock cycles until it is low. POLL can be used 
to synchronize program execution to external condi- 
tions. 
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PTO-PT7 (Comparator Port) 


PTO-PT7 are inputs to the analog comparator port. 


READY (Ready) 


After READY is de-asserted low, the CPU synchronizes 
and inserts at least two wait states into a read or write 
cycle to memory or I/O. This allows the processor to 
accommodate devices whose access times are longer 
than normal execution. 


REFRQ (Refresh) 


This active-low output pulse can refresh nonstatic RAM. 
It can be programmed to meet system specifications 
and is internally synchronized so that refresh.cycles do 
not interfere with normal CPU operation. 


RESET (Reset) 


A low on RESET resets the CPU and all on-chip periph- 
erals. RESET can also release the standby modes. After 
RESET returns high, program execution begins from 
address FFFFOH. 


R/W (Read/Write) 


R/W output allows external hardware to determine if the 
current operation is a read or a write cycle. It can also 
control the direction of bidirectional buffers. 


TOUT (Timer Out) 


TOUT is the square-wave output signal from the internal 
timer. 











X1, X2 (Crystal Connections) 


The internal clock generator requires an external crystal 
across these terminals. By programming the PRC regis- 
ter, the system clock frequency can be selected as the 
oscillator frequency (fosc) divided by 2, 4, or 8. 


Vpp (Power Supply) 


Two positive power supply pins (Vpp) reduce internal 
noise. 


Vn (Threshold Voltage) 


The comparator port uses this pin to determine the 
analog reference point. The actual threshold to each 
comparator line is programmable to Vry x n/16 where n 
= 1to 16. 
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GND (Ground) ; - IC (Internal Connection) 


Two ground connections reduce internal noise. All IC pins should be tied together and pulled up to Vpp 
with a 10- to 20-kQ resistor. 





p»PD79011 Block Diagram | 


Ag-Aig 


yore} buibeis 
yore] Buibeis 








































P29 /DMARQO 
ees pega Programmable 
P2. TECH nM 
cbt edad Controller 
P2, /DMAAKi RESET 
P26 /TC1 HLDAK/P2g 
HLDRQ/P27 
READY/P17 
Txb0 ey MREQ 
RxDO Serial a pigilions 
P1./SGKO Interface Internal RAM g MST B 
i eePyes Internal ROM _ 3 RW 
CTSO » General (OS) = IOSTB 
: 5 melt 
Te: Baud Rate eee @. f— POLLINTPt, 
RxD1 Generator Service 
CTS1 Channel 
Pig /NMI 
wNITDO Instruction Decoder 
P14 ANTPO 
P1>/INTPA Programmable Micro Sequencer 
os Interrupt Micro ROM 
Pig ANTP2 Controller 
ANTAK 
P14 (INT 
/POLL 
Do-D7 


: ; Time Base Port with Clock 
|| 7 it ——— Yoo 


TOUT/P1s REFRQ CLKOUT/PO7 PO P1 P2 = PTO-PT7) Vay meen GND 
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ELECTRICAL SPECIFICATIONS Comparator Characteristics 
Ta = -10 to +70°C; Vpp = +5.0V +10% 

Absolute Maximum Ratings Parameter Symbol Min Max Unit 
Di a en eee Accuracy VAcomp +100 mV 
Supply voltage, Vop -0.5 to 7.0 V Threshold vwitege. OVE SCC a 
Input voltage, V, -0.5 to Vpp + 0.5 (Ss +7.0V) Comparisontine tcomp 64 465 ~~ ‘toyx 
Output voltage, Vo -0.5 to Vpp + 0.5 (Ss +7.0V) PTinputvoltage Vpr 0 pp Vv 
Threshold voltage, Vr ~-0.5 to Vpp + 0.5 (Ss +7.0V) SS Se rr 
Output current low, lor Each output pin 4.0 mA (Total 50 mA) Capacitance 
Output current high, lo, Each output pin -2.0 mA (Total -20 mA) Th) Yoo. = 0 
Operating temperat temperature range, Topt =2s(‘«‘*~*«S A tO range, Topr 40 to 485°C 85°C Parameter Symbol Min Max Unit Conditions 
Storage temperature range, Tstg -65 to +150°C ipl capac taned Ge _____ ao d 
Exposure to Absolute Maximum Ratings for extended periods may Output capacitance Co 20 PF pins returned 
affect device reliability; exceeding the ratings could cause permanent V/O capacitance Cio 20 pF to ground 
damage. 
DC Characteristics 
Ta = -10 to +70°C; Vpp = +5.0V 410% 
Parameter Symbol Min Typ Max Unit Conditions 
Supply current, operating mode Ipp1 43 100 mA fotk = 5 MHz 

58 120 mA fotx = 8 MHz 
Supply current, HALT mode Ipp2 17 40 mA foLk = 5 MHz 4h | 

21 50 mA  — fox = 8MHz 
Supply current, STOP mode Ipp3 10 30 pA 
Input voltage, low Vit 0 0.8 Vv 
Input voltage, high Vind 2.2 Vpp V All except RESET, P1o/NMI, X1, X2 

Mine 0.8 x Vop Vpp V RESET, P19/NMI, X1, X2 

Output voltage, low VoL 0.45 Vv lo. = 1.6mA 
Output voltage, high Von Vop — 1.0 Vv lon = -0.4 mA 
Input current lin +20 uA Pig/NMI; Y= 0 to Vop 
Input leakage current lu +10 pA All except P19/NMI; V; = 0 to Vop 
Output leakage current lLo +10 pA Vo = 0t0 Vop 
VTH Supply current TH 0.5 1.0 mA VTH = 0 to Vop 
Data retention voltage Vopr 2.5 5.5 Vv 
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Supply Current vs Clock Frequency 


Ta = 25°C 
Vpp=5V 
Typ. Sample 


Spec. 
Point 





Sp 


Poi 



































fcoLK [MHz] 





AC Characteristics 
Ta = ~-10 to +70°C; Vop = +5.0V +10% 


Parameter Symbol 
Vpn rise, fall time tavp, tevp 
Input rise, fall time tin, tig 
Input rise, fall time (Schmitt) tins: tirs 
Output rise, fall time tor: tor 
X1 cycle time tcyx 

x1 width, low twx 

X1 width, high twxH 

X1 rise, fall time txr, tx 
CLKOUT cycle time tcyK 
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Min 
200 


98 
62 
35 
20 
20 
20 


125 
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External System Clock Control Source 


Internal Oscillator ~ 


Note: For a parallel resonant quartz crystal, 
C1, C2 = 15 pF (recommended) 


External Clock 
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Recommended Oscillator Components 


Ceramic Resonator Capacitors 
Manufacturer ~~‘ Product No. Ci (pF) = C2 (pF) 
Kyocera KBR-10.0M 33 33 
Murata Mfg. CSA.10.0MT 47 47 
CSA16.0MX040 30 30 
TDK FCR10.M2S 30 30 
FCR16.0M2S 15 6 
Max Unit Conditions 
ps STOP mode 
20 ns Except X1, X2, RESET, NMI 
30 ns RESET, NMI 
20 ns Except CLKOUT 
250 ns 5-MHz CPU clock 
250 ns 8-MHz CPU clock 
ns 5-MHz CPU clock 
ns 8-MHz CPU clock 
ns 5-MHz CPU clock 
ns 8-MHz CPU clock 
20 ns 8-MHz CPU clock 
2000 ns fx/2,T = tcyx 
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AC Characteristics (cont) 
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Parameter Symbol Min Max Unit Conditions 

CLKOUT width, low twKL 0.5T - 15 ns Note 1 

CLKOUT width, high twkH 0.5T - 15 ns 

CLKOUT rise, fall time tk: tke 15 ns 

Address delay time tpKA 15 90 ns 

Address valid to input data valid tpaADR T(n+1.5) - 90 ns Note 2 

MREQ to data delay time tpmAp T(n+1) - 75 ns 

MSTB to data delay time tpmsp T(n+0.5) - 75 ns 

MREQ to TC delay time tomMATC 0.5T +50 ns 

MREQ to MSTB delay time tpMRMS 0.5T - 35 0.5+35 ns 

MREQ width, low twmrL T(n+1) — 30 ns 

Address hold time — tHMA 0.5T - 30 ns 

Input data hold time tHMDR 0 ns 

Next control setup time tscc T-25 ns 

TC width, low twIcL 2T ~ 30 ns 

Address data output tpapw 0.5T +50 ns 

MREG delay time tpamr 0.5T - 30 ns 

MSTB delay time tpAMS T-30 ns 

MSTB width, low twMs- T(n+0.5) - 30 ns 

Data output setup time tspm T(n+1) - 50 ns 

Data output hold time tumpw 0.5T — 30 ns 

IOSTB delay time toais 0.5T - 30 ns 

IOSTEB to data input toisp T(n+1) -90 ns 

TOSTB width, low twis- T(n+1) - 30 ns 

Address hold time tHISA 0.5T - 30 ns 

Data input hold time tHispR 0 ns 

Output data setup time tspis T(n+1) - 50 ns 

Output data hold time tHispw 0.5T - 30 ns 

Next DMARQ setup time tspapa T ns Demand mode 

DMARGQ hold time tHDADQ 0 ns Demand mode 

DMAAK read width, low twDMRL T(n+1.5) -30 ns 

DMAAK to TC delay time topaTc 0.5T +50 ns 

DMAAK write width, low twoMWL T(n+1) - 30 ns 

REFRQ delay time tp ARF 0.5T - 30 ns 

REFRQ width, low tWRFL (n+1)T - 30 ns 

Address hold time tHRFA 0.5T - 30 ns 

RESET width, low twrstt 30 ms STOP mode release; power- 
on reset 

RESET width, low twRSL2 5 us System warm reset 

MREQ, IOSTB to READY setup time tscry Tin - 1) - 100 ns n22 

MREQ, IOSTB to READY hold time tory T(n - 1) ns n22 
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Parameter Symbol -Min Max Unit Conditions 
HLDAK output delay time toKHA 80 ns 
Bus control float to HLDAK | tCOFHA T-50 ns 
HLDAK Tf to contro! output time tpHac T-50 ns 
HLDRQ J to control output time tpHac 3T +380 ns 
HLDAK width, low tWHAL J : ns 
HLDRQ setup time tsHaK 30 ns 
HLDRQ to HLDAK delay time tpHQHA 3T +160 ns 
HLDRQ width, low twHaL 1.5T ns 
INTP, DMARQ setup time tsiak 30 ns 
INTP, DMARQ width, high twian aT ns 
INTP, DMARQ width, low twial. 8T ns 
POLL setup time tspLk 30 ns 
NMI width, high twain 5 BS 
NMI width, low ~ twniL 5 BS 
CTS width, low twerTL 2T ns 
INTR setup time tsink 30 : ns 
INTR hold time tHlala 0 ns 
TNTAK width, low tWIAL aT - 30 ns 
INTAK delay time toKa 80 ns 
INTAK width, high twan T-30 ns 
INTAK to data delay time tp1aD 2T - 130 ns 
INTAK to data hold time tHiAD 0) 0.5T ns 
SCKO cycle time toyTK 1000 ns 
SCKO (TSCK) width, high twsTH 450 ns 
SCKO (TSCK) width, low twsTL 450 ns 
TxD delay time toTKD 210 ns 
TxD hold time tytTKD 20 ns 
CTSO (RSCK) cycle time - tovrK 1000 ns 
CTSO (RSCK) width, high twsrH 420 ns 
CTSO (RSCK) width, low twsRL 420 ns 
RxD setup time tsrapK 80 a: ns 
RxD hold time tuKAD 80 ns 
Notes: (1) T = CPU clock period (tcyx) (2) n = number of wait states inserted 


STOP Mode Data Retention Characteristics 
Ta = -10 to +70°C 


Parameter _ Symbol Min Max Unit 
Data retention voltage VppvE 2.5 5.5 Vv 
Vpp tise time — tLEVD 200 BS 


Vpp fall time — , tevp°c 200 ; us 


ob 
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Timing Waveforms 


Stop Mode Data Retention Timing AC Input Waveform 2 (RESET , NMI) 


10% VDDOR 


tRVD 


83-004333A 83-004306A 








AC Input Waveform 1 (Except X1, X2, RESET, NMI) | AC Output Test Point (Except CLKOUT) 


83-004305A 83-004307A 





Clock In and Clock Out 


CLKINI 
{X1] 


CLKOUT 
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Memory Read 








CLKOUT 





D7-Do ( 
y, VJ 
R/W 
tWMRL tscc ————_> 
: ‘] 
MREQ 
tpmsp 
toMRMS—> 
MSTB 
tpamMs-———-—> twMs_L——> 
10STB 
REFRQ 
DMAAK1- 
DMAAKO 
tDMRTC 
TC1-TCO 
tWTCL 
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Memory Write 
| B1—_-—____{___--_- 82 -____ 
tevK ——-_—_——> 
CLKOUT 
tDKA> 
tpADW hiss 
tsom ————_—_———+ tHMDW Lt 
R/W 
X A 





tDAMR tWMRAL +—___—_ tscc ———___» 
on 4 
1) 








tpAMS ————> tWMSL 
a as 
_ Po 
DMAAK1- 
DMAAKO 
tDMRTC 


TC1-TCO 
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VO Read 


CLKOUT 


tDAIs—| twisL-——_—> 


DMAAK1- 
DMAAKO 
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V/O Write 





CLKOUT 


tDKA 


Pies fo 0 


t 
DADW lee 


R/W 
fe ene es 
- a | a 
MSTB 








lOSTB 


REFRQ 


DMAAK1- 
DMAAKO 
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DMA, I/O to Memory 


CLKOUT 


A19-Ag 


D7-Do 


R/W 


MREQ 


MSTB 


lOSTB 


DMARQO- 
DMARQ1 


DMAAK1- 
DMAAKO 


TC1-TCO 
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tHDADQ 


twDMRL 





tpDaATC tWTCL 
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DMA, Memory to I/O 


CLKOUT 





tsDADQ 


DMARQO 
DMARQ1- 


tHDADQ 


tWDMWL 


{DDATC 
83-004314C 
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Refresh 





CLKOUT 
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RESET 2 
twRSL2 
RESET 
READY 1 
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READY 2 








*tscry [READY setup time] and tucry [READY hold time] are a function of 
T and n. Timings shown are examples for n = 2 and n = 3. 
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HLDRQ/HLDAK 1 


CLKOUT 


——$—____) 
Bus control * 


——_________) 
——$________— 
HLDAK 


* A49-Ao, D7-Do, MREQ, MSTB, IOSTB, R/W 
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HLDRG/HLDAK 2 










CLKOUT 7 ie ae Y 





HLDRQ 


Bus control * 7) aad 


—> tDKHA — tpHac 


tWHQL 





a 
HLDAK 





*A19-A0, D7-Do, MREQ, MSTB, IOSTB, R/W 
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INTP, DMARQ Input 


CLKOUT 


*INTP2-INTPO, DMARQ1-DMARQO 
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POLL Input 


CLKOUT 
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NMI Input 


are ie ee ee a a ee 
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ARCHITECTURAL DESCRIPTION Figure 1. Memory Map 


The »PD79011 is an upgraded version of »PD70322 ar 
(V25), NEC’s original single-chip microcomputer. It has a RESET 
real-time operating system built into internal ROM. 


The »PD79011 is the same as the V25 in both hardware 
and software specifications except for the built-in ROM 
contents. For more information on the V25, refer. to the 
. pPD70320/70322 V25 Data Sheet 


Disable 
Reserve 


WOH /eusaju} 


Memory Map 


The »PD79011 can access a maximum of 1M bytes of 
memory via the 20-bit address bus. A 16K-byte segment 

of memory (FCOOOH to FFFFFH) is allocated to the 
on-chip ROM. The uPD79011 operating system is stored a 


User's Configuration. Table , 
in this ROM area. for RTOS [ROM, max 2KB] 


R 
T 
ie) 
Ss 
(6 


An external memory area of 2K Site (FB800H to 
FBFFFH) contains a configuration table. When reset, the 
pPD79011 starts program execution at address 
FFFFOH, and performs the necessary initialization ac- 
cording to the information in this table. Then, program 
control is passed to each user-defined task. 


A 1K-byte area (00000H to 003FFH) contains the vector 
tables. Thus, the total area for user tasks is from 00400H 
to FB7FFH. 


Figure 1 is the 4PD79011 memory map. 


Address determined at - 
configuration time. 





Vector Table . <3 
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Reset Operation 


When reset, the »PD79011 begins program execution at 
address FFFFOH and jumps to the reset routine, which 
performs the following processing. 


e Initializes special registers 

@ \nitializes the interrupt vector table 

e Generates the system table 

e Specifies both semaphore and mailbox areas 

® Generates and starts tasks 

After completing the required reset processing, the 
p»PD79011 jumps to the operating system dispatch rou- 


tine, and then passes the program control to each 
user-defined task. 


Figure 2 is a flowchart of system operation at reset time. 


Figure 2. Reset Operation Flowchart 


Jumps to RESET routine. 
_ RESET Operation 


First User Task 


Interrupt Vectors 
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Up to 256 interrupt vectors (4 bytes/vector) can be 
stored in the vector table area. See table 1. 


Table1. Vector Table Area Assignments 

Vector Start 

Number Address Use 

Oto 31  OQO0000H Reserved for hardware as on »#PD70322 (V25) 
32to 47 00080H Available for use 

48 O0OCOH Operating system data table 

49to 55 O00C4H Available for use 

56to 63 OOOEOH External .PD71059 (Master Available for use) 
64to 71 OO100H External 1PD71059 (Slave 0. Available for 


use) 
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Table 1. Vector Table Area Assignments (cont) 
Vector Start 
Number Address Use 
72 to 79 ~=00120H External uPD71059 

(Slave 1. Available for use) 
80 to 87 O0140H ~— External .PD71059 

(Slave 2. Available for use) 
88 to 95 O0160H External 1PD71059 

(Slave 3. Available for use) 
96 to 00180H = External »PD71059 
103 (Slave 4. Available for use) 
104 to OO1A0H = External »PD71059 
111 (Slave 5. Available for use) 
112 to 001COH = External 1PD71059 
119 (Slave 6. Available for use) 
120 to Q01EOH | External »PD71059 
127 (Slave 7. Available for use) 
128 to 00200H = Available for use 
255 ; 


Note: Vectors 56 to 127 are assigned to the master and slave interrupt 
controllers when added to the nPD79011. Otherwise, the area is free 
to be used. 


Configuration Table 


The configuration table resides in memory from FB800H 
to FBFFFH. The reset routine obtains initialization infor- 
mation from the configuration table. Any items not ini- 
tialized by the reset routine must be initialized by the 
user initial task. | 


Table 2 is an example of a configuration table. It shows 
the assembler sources (described by RA70116). The 
input values in the table are only examples. 


Table 2. Configuration Table, Filing Example 
CONF_TBL Data Type Example Value Notes 
PTRO DW INTERNAL. RAM_BASE 1 
PTR1 DW TASK_CNT 

PTR2 DW SMA_CNT 

PTRS DW MBOX_CNT 

INTERNAL. DB FFH 2 
RAM_BASE 
PRC_INFO DB 46H 

LOW_DS DW 1000H 3 
HIGH_DS DW 2000H 

BLK_SIZE DW 2FCOH 


NEC 


Table 2. Configuration Table, Filing Example 
(cont 

CONF_TBL Data Type Example Value Notes 

PORTO DW 1000H 4 

PORT1 DW 2000H 

PORT2 DW OF FFFH 

PORT3 DW OF FFFH 

PORT4 DW OFFFFH 

PORTS DW OF FFFH 

PORT6 DW OFFFFH 

PORT7 DW OF FFFH 

PORT8 DW OF FFFH 

TASK_CNT DB 2BH 5 

MIN_TASK.NO DB 0 

INIT_TASK DB 0 

ID LE_SP DW 1000H 6 

IDLE_SS DW OFOOOH 

INIT_PCO DW 0000H 7 

INIT_PSO DW 4000H weer 
Task 

INIT. SPO DW 2000H 0 

INIT_SSO DW OFOOOH 

INIT_DSO DW 2000H 

INIT_PC1 DW 1000H 7 

INIT_PSt DW 4000H 6d 

INIT_SP1 DW 3000H 1 

INIT_SS1 DW OFOOOH 

INIT_DS1 DW 2000H 

SMA_CNT DW 2 8 

INIT.RSCO DW 1 

DW 10H 

MBOX_CNT DW 10H 

RESERVE DW OOH 9 

CONF_TBL ENDS 

END 

Notes: 

(1) Pointers 

(2) System information 


(3) RAM information 
(4 
6 
é 
(7 
(8) Semaphore/mail box information 
(9 


= 


Interrupt controller information 
User task information 


~— 


Idle task stack information 


— 


User task register information 


— 


Reserved area 


pPD79011 


Pointers 


A pointer is an offset value obtained using a segment 
value of OFBO8H. The following pointers are provided. 
The organization of the configuration table changes 
according to user system status. 


Pointer Size Points to 

PTRO 1 word INTERNAL_RAM_BASE 
PTR 1 word TASK_CNT 

PTR2 1 word SMA_CNT 

PTR3 1 word _MBOX_CNT 


System Information 


INTERNAL_RAM_BASE: This byte is required to set the 
internal RAM base segment of the »PD79011. It is spec- 
ified in the internal data area base register (IDB address 
OFFFFFH). 


If XXH is specified as the IDB value (where X is a 
hexadecimal number), the internal RAM base segment is 
assumed to be XXOOH. Therefore, each register bank and 
the special function register (including IDB) are assigned 
to the 512-byte area starting at address XXEOOH. 


PRC_INFO. This byte sets the processor control register 
(PRC), which has the following functions. 


@ System clock divider of oscillator frequency 
@ interval of time base interrupt 
@ Enable/disable of internal RAM 


RAM Information 


The configuration table provides the following RAM in- 
formation. 


LOW_DS/HIGH_DS: These two words specify the user 
free RAM area. Because it is a continuous memory area, 
both the upper and lower limit segment addresses (offset 
0) must be used to specify this area. 


The initialize routine sets the system table and each 
control block in this RAM area. Any remaining control 
blocks are queued in the system table as memory blocks 
(the section System Calls provides more information). 
The user free RAM area must be large enough to hold all 
control blocks. 
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BLK_SIZE: This word of information specifies the mem- 
ory block size in units of 16 bytes. If BLK_SIZE of zero is 
specified, no memory blocks are generated. 


Interrupt Controller 


PORTOthrough PORTS (9 words) provide the information 
required when one or more external interrupt controllers 
(uPD71059) are connected to »PD79011. 


PORTO specifies the port address for the master inter- 
rupt controller. PORT1 through PORTS specify the port 
addresses corresponding to the slave interrupt control- 
lers (0 to 7). 


If fewer than nine interrupt controllers are used, OFFFFH 
indicates the addresses of the unused interrupt control- 
lers. , 


User Task Information 


TASK_CNT: This byte of information specifies the total 
number of user tasks (except for idle tasks). Up to 63 
tasks can be specified. 


MIN_TASK_NO: User task numbers are assigned sequen- 
tially starting from this number, the mimimum task 
number. Only tasks with numbers greater nen the mini- 
mum task number are generated. 


INIT_TASK: This byte of information indicates the num- 
ber of the first task that the operating system must 
execute when the system is initialized. All other tasks are 
dormant when the system is initialized. 


Idle Task Stack 


IDLE_SP: This word of information specifies the idle task 
stack pointer (SP) value. 


IDLE_SS: This word of information specifies the idle task 
stack segment (SS) value. When a stack is set, any value 
can be used for the address. The stack area must be a 
minimum of 32 bytes. 


User Task Register Initialization 


INIT_PCO: This word of information specifies the initial 
value of the program counter (PC) in relation to the 
minimum user task number specified for MIN_TASK_NO. 


INIT_PSO: This word of information specifies the initial 
value of the program segment (PS) for the first user task. 


INIT_SPO: This word of information specifies the initial 
value of the stack pointer (SP) for the first user task. 


INIT_SSO: This word of information specifies the initial 
value of the stack segment (SS) for the first user task. 
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INIT_DSO: This word of information specifies the initial 
value of the data segment (DS) for the first user task. 


The above set of register initial values is repeated for 
each user task. 


Semaphore/Mail box 


SMA_CNT: This word of information specifies up to 256 
semaphores to be used. 


INIT_RSCO: This word of information supplies the initial 
number of resources for semaphore 0. After specification 
of semaphore 0, the initial number of resources of all 
other semaphores should be specified sequentially. 


MBOX_CNT: This word of information specifies the num- 
ber of mailboxes (up to 256) to be used. 


Reserved Area 


RESERVE is a one-word area. You must specify a value of 
0 for RESERVE. 


Task Status and Status Change 


Table 3 shows the various task statuses. Figure 3 shows 
all task status changes. 


Table 3. Task Status 


Status Meaning 


RUN One task, given priority to use the CPU, is 
currently being executed. 


A task is ready. to execute. A READY task has a 
priority lower than the task currently under 
execution and is hence blocked by the priority 
handler. 


READY 


WAIT A task is waiting for an event to occur so it can 
go into the READY status. This status is caused 
by the following conditions: 

WAIT - a system call caused the status change 
and the task is either waiting for a resource with 
a semaphore, waiting for a message (through 
mail box or direct connection), or waiting for an 
interrupt. 


SUSPEND The system call SUS_TSK suspended execution 
forcibly when the task was in the RUN status. 
The task must wait for a system call to restart 


execution 


WAIT SUSPEND _ A task was forcibly moved into the WAIT status 
and has a double wait status. If the system call 
RSM_TSK is issued to a task in the WAIT 
SUSPEND status, the task is released from the 
SUSPEND status and goes into the WAIT 
status. If released from the WAIT status, the task 
goes into SUSPEND status. 


DORMANT When the system is initialized, only one task 
goes into the READY state. All other tasks go 
into the DORMANT status. If the system call 
EXT_TSK is issued to a task that is executing, 


this task becomes DORMANT. 
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Task Status Change 


Figure 3. 


Restart 
Suspend 


Wait Release 


Wait 
Suspend 


Suspend 


Dispatch 


Preemption 
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Idle Task 


The »PD79011 operates an idle task when no user-set 
task needs to be executed. The user-specified maximum 
number plus 1 is used as the idle task number. 


If the idle task begins execution, it executes the HALT 
instruction in the Interrupt Enable status, then waits for 
an interrupt to be issued. 


FUNCTIONAL. DESCRIPTION 


The »PD79011 can handle up to 64 tasks numbered and 
assigned priorities from 0 to 63. Task numbers and 
priority levels correspond to each other. (For example, 
task 3 has a task priority of 3.) Level 0 is the highest 
priority; level 63 is the lowest priority. 


Tasks are scheduled according to their priority levels. 
The »PD79011 selects and executes the READY task 
with the highest priority (RUN status). 


Like the V25, the »PD79011 has 8 register banks (num- 
bered 0 to 7). Task switching can be done at a high speed 
using these register banks. The operating system occu- 
pies bank 7. The remaining banks (0 to 6) are all assigned 
to tasks. 


Of the 7 register banks, tasks numbered 0 to 5 are 
assigned to banks 0 to 5 and are resident in the banks. 
Because the bank-resident tasks do not require any 
processing to save/return the task status, task switching 
can be handled quickly. 
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The remaining tasks, numbered 6 to. 63, are all assigned 
to bank 6. These tasks, unlike tasks resident in banks, 
require processing time to swap the task state to register 
bank 6. 


Table 4 shows the register banks and tasks. 


Table 4. Register Banks and Corresponding 


Tasks 
Register Bank Task *Priority Type 
0 0 0 Resident 
1 1 1 
2 2 2 
3 3 3 
4 4 4 
5 5 5 
6 6to63 6to63 Non-resident 
7 — — Occupied by «PD79011 OS 


No priority can be set for DMA or macroservice transfer. 


Task Management 


The task management function is used to terminate, 
start, suspend, restart tasks, and set the restart address. 


lf system call STA_TSK is issued to a task, the task exits 
the DORMANT status and goes into the READY status. 
If system call SUS_TSK is issued to a task, the specified 
task goes into the SUSPEND status. The task exits the 
SUSPEND status when system call RSM_TASK is issued, 
and its status becomes READY. 


The restart address is set by issuing system call 
SET_ADR. The SET_ADR is always used with system call 
RES_INT to end the interrupt handler. (Refer to the 
section Interrupt Management for additional informa- 
tion.) 


Synchronization/Communication Management 


Tasks are synchronized by queuing or mutual exclusion. 
If tasks are queued, they are processed and executed 
one at a time. 


Mutual exclusion is used in task processing to prohibit 
simultaneous access by more than one task to a shared 
resource (such as memory, an I/O device, etc.). 


The »PD79011 uses semaphores for task synchroniza- 
tion and mailboxes for intertask communication. 


Semaphores 


The pPD79011 implements semaphores to manage re- 
sources and for queuing or mutually excluding tasks. 
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Both the P instruction (Obtain Resource) and the V 
instruction (Release Resource) manage only one re- 
source at a time. 


The P instruction can use the following system calls. 


REQ_RSC: If the request to obtain resource is not ac- 
cepted, the task goes into the WAIT status. 


POL_RSC: If the request to obtain resource is not ac- 
cepted, the system is notified that the request has been 
rejected. 


The V instruction (system call REL_RSC) releases the 
occupied resource. 


Figure 4 shows how to use system calls to avoid simul- 
taneous read and write to shared memory. In figure 4, 
both tasks A and B share the same resource (memory). 
An interrupt is issued when task A is executed and 
contro! is passed between the two tasks. If the 
REQ_RSC request is not accepted because the resource 
is used by another task (task A), task B goes into the 
WAIT status. 


Figure 4. Mutual Exclusion 


REQ_RSC REQ_RSC 


int —» ( Common memory WRITE Common memory READ 


REL_RSC REL_RSC 
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intertask Communication 


Tasks communicate with each other in one of two ways, 
directly and nondirectly . Each task has a mailbox witha 
task queue for receiving messages and a message queue 
for sending messages. No mailbox is required for direct 
communication. Messages can be sent directly from one 
task to another. 


If a task cannot receive a message for any reason (either 
directly or in a mailbox), one of the following system 
calls is issued. , 


RCV_MSG: Issued if a message was sent to a mailbox; 
the task goes into WAIT status. 


RCV_DIR: Issued if a message was sent directly; the task 
goes into the WAIT status. a 
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POL_MSG: Issued if a message was sent to a mailbox; 
notifies the system that no message can be received. 


POL_DIR: Issued if a message was sent directly; notifies 
the system that no message can be received. 


Memory Management 


You can issue system calls to secure and return memory 
blocks dynamically on the #PD79011. The memory block 
size is specified at configuration time. 


Task status remains the same and an the error code is 
returned when the GET_MEM system call is unable to 
secure a block of memory. 


lf a memory block is specified as the message area, the 
system uses the first two bytes of memory (figure 5). 
Consequently, available memory (specified in the config- 
uration table) is reduced by 2 bytes. 


Figure 5. Memory Block 


User Area 


Allocated Memory Block 


i 2 Bytes 
Addresses [Used by OS] 


Interrupt Management 


For internally and externally generated interrupt re- 
quests, RTOS has the following functions to support the 
associated interrupt service routines. 


@ Interrupt handler assignment 

@ Interrupt handler return 

@ Interrupt enable/disable 

@ Interrupt wait status 

When DEF_INT is issued, a correspondence is set be- 
tween the request level (or vector type) of an external 


p»PD71059 interrupt controller and the starting address 
of its service routine. 


The ENA_INT and DIS_INT calls allow interrupts to be 
enabled or disabled. 
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The SIG_INT and RES_INT system calls terminate the 
interrupt handler and pass control to the top-queued 
task (queued by the WAI_INT call). 


Figure 6 shows how SIG_INT passes control to a task. 

The following events occur in the figure. 

@ Due to WAI_INT, task B waits for an interrupt. 

e An interrupt is issued while task A is running. 

e SIG_INT is issued to task B at the end of interrupt 
handling. 


If the priority of task A is higher than that of task B, 
control is passed to task A when SIG_INT is executed 
(the interrupted task). If the priority of task B is higher, 
control is passed to task B. 


Figure 6. SIG_INT Examples 


Task B 
_ Interrupt Handler 


WAL INT 
“ 


Interrupt —» 
N 
~ 


SIG_INT (B) 





The RES_INT system call is always used with the SET_ 
ADR system call to set the restart address. If SET_.ADR 
has already been issued in an interrupted task handler 
that issues RES_INT, RES_INT passes control to the 
restart address specified by SET_ADR, not to the ad- 
dress where the interrupt was issued. 


Figure 7 shows how to use the RES_INT system call to 
pass control to a task. 


Figure 7. 


RES_INT Example 








Interrupt Handler 






SET_ADR (Restart_Address) 


ont 


o_o me a, 
a, oe, 
Interrupt ———> [ 7” 


Restart Address — -_ RES_INT 
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SYSTEM CALLS 


The »PD79011 provides the following types of system 
calls. 


e Task management 

e@ Synchronization/communication management 
e@ Memory management 

e Time management 

e Interrupt management 


The system calls all have ID numbers assigned to them. 
Descriptions of system calls include their syntax and 
any error codes that may be returned to the task when 
the call is issued. 


You can use the C language or assembly language to 
develop programs for the »PD79011. If using the C 
language, an error code is returned as a function value of 
the system call. If using assembly language, an error 
code is returned to the AW register of the »PD79011 asa 
return parameter. 


C Language Interface 


The »PD79011 supports the C language, a high-level 
language for developing large or small programs. To 
issue system calls in the C language, an assembler 
routine is required as an interface between the »PD79011 
operating system and the C language. Refer to the 
Assembly Language Interface section for details on writ- 
ing the interface. 


Following is the syntax use for issuing calls in the C 
language. 


err = <name> ([<parameter>]); 


Argument Description 

err Function value returned by RTOS 
<name> 7-letter System Call Name 
<parameter > Input parameter 


Assembly Language Interface 


The »PD79011 has a C language-oriented architecture. 
Therefore, when issuing system calls using assembly 
language, the »PD79011 always sends and receives 
parameters via a stack. (If the system call requires no 
parameters, no stacking is needed.) 


The syntax for issuing system calls using assembler and 
loading the stack for operation are shown below. If the 
parameter is a pointer, the offset value is stacked in the 
lower address area of the stack, and the segment value is 
stacked in the upper address area. 
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err = <name> (arg1, arg2, arg3); 


Argument Description 

<name> 7-letter System Call Name 
arg1 unsigned int 

arg2 int 

arg3 unsigned int 


The system call is issued in the following sequence. 

e Parameter 3 (arg3) is stacked. 

e Parameter 2 (arg2) is stacked. 

e Parameter 1 (arg1) is stacked. 

e A pointer to the parameter area is stacked. . 

e@ The system call number is set in the AW register. 
RTOS_ENTRY (FCOOO0H) is called between segments. 


An intersegment system call is needed even when the 
RTOS_ENTRY address is within the same segment. 


Figure 8 Stacking Conditions 


Parameter Area Pointer <—SS:SP Always necessary to 


indicate this position 
immediately before 
RTOS __ENTRY 
(F000:C000) is called 
between segments 


Offset Value of arg2 


Segment Value of arg2 
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The procedures for issuing the SIG_LINT and RES_INT 
system calls are different. They are explained later in this 
data sheet. 


TASK MANAGEMENT SYSTEM CALLS 


The following system calls are used for task manage- 
ment. 


System Call - Description 

STA_TSK Starts task processing 

EXT_TSK Terminates task processing 

SUS_TSK Suspends task processing 

RSM_TSK Restarts task processing 
Sets restart address 


SET_ADR 


Start Task (STA_TSK) 


System Call 0. STA_TSK starts task processing during 
which. the task goes into the READY status from the 
DORMANT status. It has the following syntax. 


ee int STA_LTSK (task_no) 


(1) Parameter | 


VO Name Description 
In int task_no; Task number (0 to 62) 


(2) Return value. 


Error Code Number. Description 

E_OK 0 Normal end : 

E_DMT 1 Task is not DORMANT 
(3) C format. 

short task_no; 


ercode = STA_TSK(task_no); 


STA_TSK can only be issued to a task that is in the 
DORMANT status. 


The started task processing is done in one of the follow- 
ing ways. 

e Executed for the first time. 

e After it is terminated once, it is restarted. 


If a task is executed for the first time, the task processing 
starts from the initial address. Initial values from the 
configuration table are also used for the stack pointer, 
stack segment, and data segment values. Other register 
values are not defined. 


If the task processing is ended once and then restarted, 
the task also resumes at the initial address. In this case, 
the stack pointer, stack segment, data segment values, 
and other register values assume the values they had 
just before the EXT_TSK system call was issued. 


Exit Task (EXT_TSK) 


System Call 1. EXT_TSK terminates task processing 
and moves the task into the DORMANT status from the 
RUN status. It has the following syntax. ae 


int EXT_TSK () 


(1) Return value. 


Error Code Number Description 
E_OK 0 Normal end 


(2) C format. 
ercode = EXT_TSK(); 


lf STA_TSK restarts a task in the DORMANT status (due 
to EXT_TSK), the start address returns to the initial 
value. Other register values retain the values they had 
when EXT_TSK was issued. Thus, the stack pointer, 
stack segment, data segment values may not match the 
values assumed at configuration time. 
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Suspend Task (SUS_TSK) 


System Call 2. SUS_TSK suspends a task and puts it 
into the SUSPEND status. It has the following syntax. 


int SUS_TSK (task_no) 


(1) Parameter. 


VO Name Description 
In int task_no; Task number (0 to 62) 


(2) Return value. . 
Error Code Number Description 


E_OK 0 Normal end 
E_DMT 1 Task is DORMANT 
E_SUS 2 Task is in SUSPEND status 


(3) C format. 


short task_no; 
ercode = SUS_TSK(task_no); 


SUS_TSK cannot be issued to tasks that are in the 
DORMANT status or in the SUSPEND status. 


If SUS_TSK is issued to a task inthe WAIT status, the task 
goes into the WAIT SUSPEND status. 
Resume Task (RSM_TSK) 


System Call 3. RSM_TSK restarts a task that is in the 
SUSPEND status. It has the following syntax. 


int RSM_TSK (task_no) 
(1) Parameter 


VO Name Description 
In int task_no; Task number (0 to 62) 


(2) Return value. 


Error Code Number Description 

E_OK 0 Normal end 

E_DMT 1 Task is DORMANT 
E_SUS 2 Task is not in SUSPEND 


status 
(3) C format. 


short task_no; 
ercode = RSM_TSK(task_no); 


RSM_TSK cannot be issued to tasks that are in the 
DORMANT status or in the SUSPEND status. 


If it is issued to a task in the WAIT SUSPEND status, the 
task is released from the SUSPEND status and goes into 
the WAIT status. 
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Set Restart Address (SET_ADR) 


System Call 4. SET_ADR sets the restart address of a 
task. It has the following syntax. 


int SET_ADR (restart_adr) 


(1) Parameter 


VO Name Description 
In int (restart_adr); Task restart address 


(2) Return value 


Error Code Number Description 
E_OK 0 Normal end 


(3) C format. .. 


ercode = STATSK (restart a 
pointer restart_adr; 


SET_ADR is always used in conjunction with the RES- 

_INT system call. lf RES_INT is issued on return from the 
interrupt handler, control is passed to the restart address 
set previously by SET_ADR. 


SET_ADR can be issued more than once, », but the system 
only validates the last restart address that was issued. 
Setting the restart address to O clears current restart 
address. 


SYNCHRONIZATION/COMMUNICATION 
MANAGEMENT SYSTEM CALLS 


The following system calls are used for synchronization/ 
communication management: 


System Call Description 


REQ_RSC Requests resource Hom a 
semaphore 

POL_RSC Requests resource frorh a 
semaphore (no wait) 

REL_RSC Releases resource for a semaphore 

RCV_MSG ___ Receives messages from a mailbox: 

POL_MSG ___ Receives messages from a mailbox 
(no wait) 

SND_MSG = Sends messages to a mailbox 

RCV_DIR Receives messages sent to this task 

POL_DIR —_ Receives messages sent to this task 
(no wait) 

SND_DIR Sends messages to the specified 
task 


Request Resource (REQ_RSC) 


System Call 5. REQ_RSC requests a resource from the 
specified semaphore. It has the following syntax. 


int REQ_RSC (semaphore_no) 
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(1) Parameter. 


VO: Name Description 
In int semaphore_no; Semaphore number (0 to 
specified number) 


(2) Return value. 


Error Code Number Description 
E_OK — 0 Normal end 


(3) C format. 


ercode = REQ_RSC(semaphore_no); 
short semaphore_no; 


lf REQ_RSC is issued when the resource count is 0, the 
task goes into the WAIT status. If the resource count is 
more than 1, the resource count is decremented by one. 


Each semaphore has a task queue. But, if REQ_RSC 
causes a task to go into the WAIT status, the task is 
placed in the last position in the queue regardless of its 
priority. 


Poll Resource (POL_RSC) 


System Call 6. POL_RSC is used to request resources 
from the specified semaphore. It has the following syn- 
tax. 


int POL_RSC (semaphore_no) 
(1) Parameter. 


VO Name Description __ 
In int semaphore_no; Semaphore number (0 to 
specified number) 


(2) Return value. 


ErrorCode Number Description 
E_OK 0 Normal end 
E_RSC 6 Resource count is 0 


(3) C format. 


ercode = POL_RSC(semaphore_no); 
short semaphore_no; 


POL_RSC is used to determine whether any resources 
are left in the specified semaphore. Unlike the RE- 
Q_RSC, POL_RSC never causes a task to go into the 
WAIT status. Instead, it returns the E_RSC error code 
when the resource count is 0. If the resource count is 
more than 1, the count is decremented by 1. 


Release Resource (REL_RSC) 


System Call 7. REL_RSC releases resource for the 
specified semaphore. It has the following syntax. 


int REL_RSC (semaphore_no) 
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(1) Parameter. 


VO Name Description 
In int semaphore_no; Semaphore number (0 to 
specified number) 


(2) Return value. 


Error Code Number Description 
E_OK 0 Normai end 


(3) C format. 


ercode = REL_RSC(semaphore_no); 
short semaphore_no; 


When REL_RSC is issued, the semaphore resource 
count is increased by 1. If WAIT tasks exist, the earliest- 
wait task is selected and released from the WAIT status. 


The initial value of the semaphore resource count is set 
when the system is started. No error occurs even when 
the resource count exceeds the initial value as a result of 
issuing REL_RSC. If the resource count exceeds 65,535, 
the resource count is cleared to 0 automatically and no 
error is generated. 


Receive Message (RCV_MSG) 


System Call 8. RCV_MSG receives messages from 
mailboxes. It has the following syntax. 


int RCV_MSG (mailbox_no) 
(1) Parameter 


VO Name 
in int mailbox_no; 


Description 
Mailbox number (0 to 
specified number) 


(2) C format. 


seg = RCV_MSG(mailbox_no); 
short mailbox_no; 


If RCV_MSG is issued when messages are present in 
mailboxes, the earliest message is selected and the 
segment value of the message area is returned as the 
function value. 


If there is no message, the task goes into the WAIT status 
and it is placed in the last position in the mailbox queue. 


Poll Message (POL_MSG) 


System Call 9. POL_MSG receives messages from 
mailboxes. It has the following syntax. 


int POL_MSG (mailbox_no) 


NEC 


(1) Parameter. 


VO Name 
In int mailbox_no; 


Description 
Mailbox number (0 to 
specified number) | 


(2) Return value. If there are any messages in the spec- 
ified mailbox, the message area segment value is 
returned. If there is no message, the following error 
code is returned. 


Error Code Number Description 
E_MSG 7 No message found 


(3) C format. 


seg = POL.MSG(mailbox_no); 
short mailbox_no; 


lf POL_MSG is issued when messages are present in 
mailboxes, the earliest message is selected and the 
segment value of the message area is returned as the 
function value. 


If no message is found, unlike the RCV_MSG system call, 
the task never goes into the WAIT status. Instead, the 
E_MSG error code is returned. 


Send Message (SND_MSG) 


System Call 10. SND_MSG sends messages to mail- 
boxes. It has the following syntax. 


int SND_MSG (mailbox_no, msg_seg) 
(1) Parameter. 


VO Name Description 
In int mailbox_no; Mailbox number (0 to 
specified number) 


In int msg_seg; Send message area segment 


(2) Return value. 


Error Code Number Description 
E_OK 0 Normal end 


(3) C format. 


ercode = SND_MSG(mailbox_no, msg_seg); 
short mailbox_no; . 
short msg_seg; 


lf SND_MSG is issued when a task is waiting to be 
processed, the task is released from the WAIT status, and 
the send message area segment value is returned. 


If no tasks are in the WAIT status, the message is queued 
in the mailbox. Like tasks, messages are queued using 
the first-in, first-out (FIFO) method. 
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Receive Direct Message (RCV_DIR) 


System Call 11. RCV_DIR receives messages sent di- 
rectly to a task. It has the following syntax. 


int RCV_DIR () 
(1) C format. 
ercode = RCV_DIR(); 


If RCV_DIR is issued when there is no message, the task 
goes into the WAIT status. If a message is present, the 
message area segment value is returned. 


Poll Direct Message (POL_DIR) 


System Call 12. POL_DIR receives messages sent by a 
task to itself. It has the following syntax. 


int POL_DIR () 


(1) Return value. lf POL_DIR is issued when a message is 
present, the message area segment value is re- 
turned. If no message is present, the following error 
code is returned and the task does not enter WAIT 
status. 


Error Code Number Description 
E_MSG 7 No message is present 


(2) C format. 
ercode = POL_DIR(n); 


Send Direct Message (SND_DIR) 


System Call 13. SND_DIR specifies a task and sends a 
message to the specified task. It has the following 
syntax. 


int SND_DIR (task_no, msg_seg) 
(1) Parameter 


VO Name Description 
In int task_no; Task number (0 to 62) 
In int msg_seg; Send message area segment 


(2) Return value. 


ErrorCode Number Description 
E_OK 0 Normal end 


(3) C format. 


ercode = SND_DIR(task_no, msg_seg); 
short task_no; 
short msg_seg; 


lf SND_DIR is issued when the specified task is waiting 
for a message directly, the task is released from the WAIT 
status. The message area segment value is returned to 
the task. 
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If the specified task is not waiting for any message 
directly, the message is placed in the task message 
queue using the FIFO method. 


MEMORY MANAGEMENT SYSTEM CALLS 


The following system calls are used for aemey man- 
agement. 


System Call Description 
GET_MEM . Gets a memory block 
REL_MEM Releases the memory block - 


Get Memory (GET_MEM) 


System Call 14. GET_MEM allocates a memory block. It 
has the following syntax. 


int GET_MEM () 


(1) Return value. If a memory block is available when 
GET_MEM is issued, the memory block segment 
value is returned. If no memory block is present, the 
following error code is returned. 


ErrorCode Number _ Description 
E_BLK 3 No memory block found 


(2) C format. 
ercode = GET_MEM(); 


GET_MEM can use the memory block as a message area 
for intertask communications. The memory block size is 
specified when the system is started, and the value is 
fixed. 


If the error code is returned, the task never goes into the 
WAIT status. 
Release Memory (REL_MEM) 


System Call 15. REL_MEM releases the specified mem- 
ory block. It has the following syntax. 


int REL_MEM (mem_blk) 
(1) Parameter. 


VOName | Description 
In int mem_blk; Segment value of the released 
memory block 


(2) Return value... 


Error Code Number Description 
Normal end 


E_ OK 0 

(3) C format.. | 
ercode = REL_MEM(mem_blk); 
short mem_blk; 
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REL_MEM cannot release memory blocks containing 
messages in a mailbox or task queue. The memory block 
can only be released after a message is received. 


TIME MANAGEMENT SYSTEM CALLS 


The following system calls are used for time manage- 
ment. 


System Call Description 
GET_TIM Reads the system time 
SET_TIM Sets the system time 


Get Time (GET_TIM) 


System Call 16. GET_TIM reads the system time. It has 
the following syntax. 


int GET TIM (time_ptr) 
(1) Parameter. 


1/0 Name 
In. struct t_time * time_ptr; 


Description 
Pointer to location 
of system time 


(2) Time structure. 


struct t_time{ 


int !_time; 
int m_time; 
int h_time;}; 
(3) Return value. 
Error Code Number Description 
E_OK 0 Normal end 


(4) C format. 


ercode = GET_TIM(time_ptr); 
pointer time_ptr; 


The system time is 3-word data. The lower order word is 
stored in the lowest order address; the intermediate data 
is in the intermediate address; and the upper order data 
is in the highest address. 


The minimum resolution of the system time is deter- 
mined by the value set in the time base counter in the 
#PD79011. However, since interrupts to the »PD79011 
are inhibited during system call processing, choose the 


‘minimum resolution of the system time with system call 


overhead time in mind. 


Set Time (SET_ TIM) 


System Call 17. SET_TIM sets the system time. It has 
the following syntax. 
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int SET_TIM (time_ptr) 


(1) Parameter. 


VO Name Description 
In struct t_time * time_ptr; Time pointer 


(2) Time structure. 


struct t_time{ 


int |_time; 
int m_time; 
int h_time;}; 
(38) Return value. 
Error Code Number Description 
E_OK 0 Normal end 


(4) C format. 


pointer time_ptr, 
ercode = SET_TIM(time_ptr); 


The »PD79011 uses the on-chip timer base counter 
output as the system real-time clock source.. The on- 
chip timer therefore starts its counting operation when 
the system is started.The interval from the SET_TIM call 
to the next real-time clock interrupt is an error term 
associated with the initial call to SET_TIM, and all 
subsequent calls produce additional pseudorandom er- 
ror times. The real-time clock interval is set at configu- 
ration time. 


INTERRUPT MANAGEMENT SYSTEM CALLS 


The following system calls are used for interrupt man- 
agement: 


System Call Description 

DEF_INT Sets the start address of the 
interrupt handler 

SIG_INT Starts a task waiting for an 
interrupt and terminates the 
interrupt handler operation 

WAIL_INT Waits for an interrupt 

CAN_INT Releases a task waiting for an 
interrupt from WAIT status 

DIS_INT Disables interrupts by device 
number 

ENALINT Enables interrupts by device 
number 

RES_INT Terminates interrupt handler 


operation and calls the restart 
address 
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Define Interrupt Handler (DE F_INT) 


System Call 18. DEF_INT sets the start address of the 
interrupt handler. It has the following syntax. 


int DEF_INT (device_no, start_adr) 
(1) Parameter. 


VO Name 
In — int device_no; 


Description 

Device number (interrupt 
level or vector type) 
Pointer to interrupt 
handler start address 


In int (start_adr) (); 


(2) Return value. 


ErrorCode Number Description 

E_OK 0 Normal end 

E_DVN 4 Device number error 
E_SYS 5 System error 


(3) C format. 


ercode = DEF_INT(device_no, start_adr); 
short device_no; 
pointer start_adr; 


lf DEF_INT is issued, correspondence between interrupt 
request level of external »PD71059 interrupt controller 
(or interrupt request vector type) and start address of the 
interrupt handler is established. When an interrupt. re- 
quest vector type is specified, the interrupt request 
control register can also be set at the same time. 


If O is specified for the interrupt handler start address, 
the existing start address is cleared. If the start address 
of the interrupt handler is cleared after an interrupt 
request level of the interrupt controller is specified, the 
mask bit (IMK) equivalent to the specified interrupt 
request level is set and the interrupt is masked. Then the 
existing start address is cleared. 


If the start address of the interrupt handler is cleared 
after an interrupt request vector type is specified, the 
existing start address is cleared and the interrupt re- 
quest control register is set. At this time, the interrupt 
mask can be set at the same time by explicitly setting bit 
6 of the interrupt request control register. 


lf the start address of the interrupt handler is not 0, the 
address is set with no other changes. The IMK (mask bit) 
is never altered. 


If the start address of the interrupt handler is set after the 
vector type of interrupt request is specified, the interrupt 
request control register is also set. Therefore, interrupt 
mask operation can be specified using bit 6 of the 
interrupt request control register. 
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External Interrupt Controller Definition 


The interrupt request level of the external interrupt 
controller can be specified by setting 0 in bit 7. It is 
specified as follows. 


Bit(s) Description 

0-2 Slave level interrupt request level 

3 If 0, master/slave configuration; 
if 1, master only 

4-6 Master interrupt request level 

7 Fixed to 0 

8-15 Upper-order byte is fixed to 0 


The low-order byte is used to specify the interrupt level. 
Bits 0 to 2 specify the slave interrupt request level when 
in master-slave configuration; bit 3, whether to use any 
slave device; bits 4 to 6, the master interrupt request 
level. 


The interrupt request level of the interrupt controller and 
each interrupt request vector type are in one-to-one 
corrrespondence The interrupt request is divided into 72 
levels, and they correspond to interrupt request vector 
. types 56 to 127. 


For example, if, the device consists of only the master, 0 
is specified for the master interrupt request level; this 
interrupt request vector type becomes 56. Slave inter- 
rupt request level 7 must be connected to master inter- 
rupt request level 7 when in master-slave configuration 
and becomes vector type 127. 


The interrupt request vector type can be specified by 
setting 1 in bit 7. It is specified as follows. 


Bit(s) Description 

0-6 Vector type 

7 Fixed to 1 

8-15 Interrupt request control register value 


The »PD79011 operating system uses the on-chip time 
base counter as the system timer. As a result, other tasks 
cannot specify vector type 31 (equivalent to the time 
base counter) when the system timer function is used. 


Signal Interrupt (SIG_INT) 


System Call 19. SIG_INT activates a task waiting for an 
interrupt and terminates the currently executing inter- 
rupt handler. It has the following syntax. 


void SIG_INT (task_no) 


(1) Parameter. 


VO Name Description 
In inttask_no; Target task number (0 to 62) 
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(2) C format. 


ercode = SIG_INT(task_no); 
short task_no; 


SIG_INT can be issued only from inside an interrupt 
handler. 


If SIG_INT is issued, the interrupt handler operation ends 
and control is passed to the target task. Therefore, when 
SIG_INT is used, control is never passed to the address 
following SIG_INT. 


If an error occurs, no error code is returned and the 
specified task is not started. In this case, control is 
returned immediately to the point where the interrupt 
was issued. 


S!IG_INT is not used to contro! multiprocessing of exter- 
nal or internal interrupt requests. Nesting management 
related to the interrupt handler and execution of the EO! 
(End Of Interrupt) and FINT (Finish Interrupt) instruc- 
tions must be done in each interrupt handler. 


The procedures used to issue SIG_INT (and system call 
RES_INT) differ from those to issue other system calls. 
When using assembly language, SIG_INT is issued as 
follows. 


' Procedure Description 
PUSH task_no The target task number is set in 
stack 
BR SIG_INT_ Far jump to absolute address 
ENTRY OFCOOEH 


Wait for Interrupt (WAI_INT) 


System Call 20. WAILINT moves a task into the WAIT 
status. It has the following syntax. 


int WALINT () 


(1) Return value. 


Error Code Number Description 

E_OK 0 Normal end 

E_INT 8 Release from interrupt 
wait status 


(2) C format. 
ercode = WAI_INT; 


When issuing this system call, the current task goes into 
the interrupt wait status. If the SIG_INT system call is 
issued to a waiting task (which was invoked by WAI_INT), 
the specified task is released from the WAIT status. 
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A task can release another task’s WAIT (for interrupt) 
status by means of the CAN_INT system call. Otherwise 
an interrupt handler will release the WAIT status after an 
interrupt is presented. 


lf SIG_INT is used to release a task from the WAIT status, 
the error code E_OK is returned. If CAN_INT is used to 
release the WAIT status, the error code E_INT is re- 
turned. 

Cancel Interrupt (CAN_INT) 


System Call 21. CAN_INT releases the specified task 
from the WAIT status. It has the following syntax. 


int CAN_INT (task_no) 
(1) Parameter. 


1/0 Name Description 
In int task_no; Task number (0 to 62) 


(2) Return value. 


Error Code Number Description 
E_OK 0 Normal end 
E_INT 8 Task is not waiting for interrupt 


(3) C format. 


ercode = CAN_INT(task_no); 
short task_no; 





If CAN_INT is issued to a task that is waiting for an 
interrupt (due to system call WAI_INT), the specified task 
exits the WAIT status. If CAN_INT is issued when the 
specified task is not waiting for any interrupt, the E_INT 
error code is returned. 


Disable Interrupt (DIS_INT) 


System Call 22. DIS_INT disables interrupts in units of 
device number (interrupt request level or interrupt re- 
quest vector type). It has the following syntax. 


int DIS_INT (device_no) 


(1) Parameter. 


YO Name Description 
In int device_no; Device number 


(2) Return value. 


Error Code Number Description 
E_OK 0 Normal end 
E_DVN 4 Device number error 


(3) C format. 


ercode = DIS_INT(device_no); 
short device_no; 
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DIS_INT can be issued from either a task or an interrupt 
handler. 


To specify the interrupt request level of the interrupt 
controller, set the corresponding IMR (mask bit ) of the 
external 71059. To specify the interrupt request vector 
type, set bit 6 of the interrupt request control register. 


Enable Interrupt (ENA_INT) 


System Call 23. ENA_INT enables interrupts in units of 
device number (interrupt request level or interrupt re- 
quest vector type). It has the following syntax. 


int ENA_INT (device_no) 
(1) Parameter. 


VO Name Description 
In int device_no; Device number 


(2) Return value. 


Error Code Number Description 
E_OK 0 Normal end 
E_DVN 4 Device number error 


(3) C format. 


ercode = ENA_INT(device_no); 
short device_no; 


ENA_INT can be issued from either a task or an interrupt 
handler. 


To specify the interrupt request level of the interrupt 
controller, reset the corresponding IMR (mask bit) of 
external 71059. To specify the interrupt request vector 
type, reset bit 6 of the interrupt request register. 


Reset Interrupt (RES_INT) 


System Call 24. RES_INT terminates interrupt handler 
Operation and passes control to the restart address. It 
has the following syntax. 


void RES_INT () 
(1) C format. 
ercode = RES_INT(); 


RES_INT is always used in conjunction with system call 
SET_ADR. 


If SET_ADR has been already issued in a task that was 
interrupted by a handler that issues RES_INT, control is 
passed to the specified restart address. If SET_ADR has 
not been issued to that task, control is returned to the 
point where the interrupt was issued. 


RES_INT cannot be used to control multiple interrupt 
processing, neither for internal nor for external 71059 
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sources. Management of interrupt handler nesting and 
the execution of EOI (End Of Interrupt) and FINT (Finish 
Interrupt) instructions must be done in each interrupt 
handler. - , 


The procedure for: issuing RES_INT. (and system call 
SIG_INT) differs from the procedure for issuing other 
system calls. Use the following syntax to issue RES_INT 
using assembly language. 


BR RES_INT_ ENTRY; Far jump to absolute 
address FC020H 
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NEC Electronics Inc. 


Description 


The »PD79021 is an upgraded #.PD70332 (V35™) single- 
chip microcomputer with a built-in real-time operating 
system (RTOS). 


The »#PD79021 provides high-speed multitask process- 
ing particularly suited for real-time event processing and 
as a kernel of an embedded control system for process 
control and data processing applications. 


The RTOS kernel provides extensive system calls for 
task synchronization, control, and communication as 
well as interrupt and time management. 


The »PD79021 instruction set is the same as the V35 
instruction set. The .PD79021 hardware is also identical 
to the standard V35, but uses 6K of the internal ROM for 
RTOS system code. Refer to the V35 Data Sheet for 
hardware-related details and the ».PD79011 Data Sheet 
for RTOS system call descriptions. 


Features 


© Real-time multitask processing 


O Supports five types of system calls 
— Task management 
— Communication management 
— Memory management 
— Time management 
— Interrupt management 


Q High-speed response to events 
— System call processing shortens time to 41 ys 
(minimum) when operated at 8 MHz 
— High-speed task switching using V35 register . 
banks 


V35 is a trademark of NEC Corporation. 

CP/M is a registered trademark of Digital Research, Inc. 
MS-DOS is a registered trademark of Microsoft Corporation. 
VMS is a trademark of Digital Equipment Corporation. 

UNIX is a trademark of AT&T Bell Laboratories. 
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16-Bit Microcomputer: 
Single-Chip, CMOS, 
With Built-In RTOS 


Q Flexibility to perform status changes by event 
driven task scheduling function 

System clock: 8 MHz maximum 

V35 hardware compatibility 

CMOS technology 

Development tools 

— V35 software can be used without modification 
— Relocatable assembler (RA70320) 

— C compiler (CC 70116) 


— Concurrent CP/M®, MS-DOS®, VMS™, and 
UNIX™ base 
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Ordering Information 


Part Number Clock Package 
sPD79021L-8 8 MHz 84-pin PLCC 
GJ-8 8 MHz 94-pin plastic QFP Ai 
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»PD79021 Block Diagram 
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Peripherals for CPUs 
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Peripherals for CPUs 


Section 5 
Peripherals for CPUs 


»PD71011 

Clock Pulse Generator/Driver 

pPD71037 

Direct Memory Access (DMA) Controller 


»PD71051 
Serial Control Unit 


uPD71054 
Programmable Timer/Counter 


»uPD71055 
Parallel Interface Unit 


pPD71059 
Interrupt Control Unit 


p»PD71071 
DMA Controller 


uPD71082, 71083 
8-Bit Latches 


uPD71084 
Clock Pulse Generator/Driver 


»PD71086, 71087 
8-Bit Bus Buffer/Drivers 


uPD71088 
System Bus Controller 


pPD71644 
Cache Memory Controller 
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5c 
5d 
5e 

5f 
5g 
5h 

5i 

5j 
5k 
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NEC pPD71011 
Clock Pulse 


NEC Electronics Inc. | Generator/Driver 


Description Pin Configurations 


The »PD71011 is a clock pulse generator/driver for the  7g-Pin Plastic DIP 
V20®/V30® microprocessors and their peripherals using 
NEC’s high-speed CMOS technology. 


Features 


2 CMOS technology 


© Clock pulse generator/driver for 1PD70108/70116 or 
other CMOS or NMOS CPUs and their peripherals 


O 50% duty cycle 10] RESET 


O Frequency source can be crystal or external clock clk 
input 


Q Reset signal with Schmitt-trigger circuit for CPU or 
peripherals 
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20-Pin Plastic SOP 





: : iO Vop 
© Bus ready signal with two-bus system 5 xi 
synchronization 3 NC 
Q Clock synchronization with other »PD71011s ee = Ae = 
; 5 2 RDYSYN 
0 Single +5-volt +10% power supply 6 6 EXFS 
0 Industrial temperature range: -40 to +85°C : as 
9 RESIN 
Ordering Information i cece 
Maximum Clockout 83ML-6187A 
Part Number Frequency Package 
#PD71011C-8 © 8 MHz 18-pin plastic DIP 
C-10 10 MHz 


G8 8 MHz 20-pin plastic SOP 


V20 and V30 are registered trademarks of NEC Corporation 
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Pin Identification 


Symbol Function 

CKSYN Clock synchronization input 
PRCLK Peripheral clock output 

REN1 Bus ready enable input 1 

RDY1 Bus ready input 1 

READY - Ready output 

RDY2 Bus ready input 2 

REN2 Bus ready enable input 2 

CLK Processor clock output 

Vss Ground potential 

RESET Reset output 

RESIN Reset input 

osc Oscillator output 

FX External frequency source/crystal select input 
EXFS External frequency source input 
RDYSYN Ready synchronization select input 
X2 Crystal input 

x1 Crystal input 

Vpop +5-volt power supply 

NC No connection 

PIN FUNCTIONS 

X1, X2 (Crystal) 


When F/X is low, a crystal connected to X1 and X2 will be 
the frequency source for a CPU and its peripherals. The 
crystal frequency should be two times the frequency of 
CLK. 


EXFS (External Frequency Source) 


EXFS input is the external frequency input in the exter- 
nal TTL-frequency source mode (F/X high). A square 
TTL-level clock signal two times the frequency of CLK’s 
output should be used for the source. 


F/X (Frequency/Crystal Select) 


F/X input selects whether an external TTL-type input or 
an external crystal input is the frequency source of the 
CLK output. When F/X is low, CLK is generated from the 
crystal connected to X1 and X2. When F/X is high, CLK 
is generated from an external TTL-level frequency input 
on the EXFS pin. At the same time, the internal oscillator 
circuit will go into stop mode and the OSC output will be 
high. 
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CLK (Processor Clock) 


The CLK output supplies the CPU and its local bus 
peripherals’ clocks. CLK is a 50-percent duty cycle clock 
of one-half the frequency of the external frequency 
source. The CLK output is +0.4 V higher than the other 
outputs. 


PRCLK (Peripheral Clock) 


The PRCLK output supplies a 50-percent duty cycle 
clock at one-half the frequency of CLK to drive peripheral 
devices. 


OSC (Oscillator) 


OSC outputs a signal at the same frequency as the 
crystal input. When EXFS is selected, the OSC output is 
powered down, and its output will be a high. 


CKSYN (Clock Synchronization) 


CKSYN synchronizes one »PD71011 to other uPD71011s. 
A high level at CKSYN resets the internal counter, and a 
low level enables it to count. 


RESIN (Reset) 


This Schmitt-trigger input generates the RESET output. 
It is used as a power-on reset. 


RESET (Reset) 


This output is a reset signal for the CPU. Reset timing is 
provided by the RESIN input to a Schmitt-trigger input 
gate and a flip-flop which will synchronize the reset 
timing to the falling edge of CLK. Power-on reset can be 
provided by a simple RC circuit on the RESIN input. 


RDY1, RDY2 (Bus Ready) 


A peripheral device sends RDY1 or RDY2 to signal that 
the data on the system bus has been received or is ready 
to be sent. REN1 and REN2 enable the RDY1 or RDY2 
signals. 


REN1, REN2 (Bus Ready Enable) 
REN1 and REN2 qualify their respective RDY inputs. 
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RDYSYN (Ready Sychronization Select) 


RDYSYN selects the mode of READY signal synchroni- 
zation. A low-level signal makes the synchronization a 
two-step process. This is used when RDY1 and RDY2 
inputs are not synchronized to CLK. A high-level signal 
makes synchronization a one-step process. This is used 
when RDY1 and RDY2 are synchronized to CLK. See 
block diagram. 


READY (Ready) 


The READY signal to the processor is synchronized by 
the RDY inputs to the processor CLK. READY is cleared 
after the RDY signal goes low and the guaranteed hold 
time of the processor has been met. 


Crystal 


The oscillator circuit of the ~#PD71011 works with a 
parallel-resonant, fundamental mode, “AT cut” crystal 
connected to pins X1 and X2. 


#PD71011 Block Diagram 


EXFS 
CKSYN 
REN1 
RDY1 


REN2 


RDY2 


RDYSYN 


RESIN 


cillator 
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foe ee 
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yPD71011 


Figure 1 shows the recommended circuit configuration. 
Capacitors C1 and C2 are required for frequency stabil- 
ity. The values of C1 and C2 (C1 = C2) can be calculated 
from the load capacitance (C,) specified by the crystal 
manufacturer. 


c, = ©1xC2 
L C1 + C2 


Where CS is any stray capacitance in parallel with the 
crystal, such as the »PD71011 input capacitance Cj. 


+ Cy 


Figure 1. Crystal Contiguration Circuit 
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Absolute Maximum Ratings DC Characteristics 
Ta ™ 25°C; Vgg = OV | Ta = -40 to +85°C; Vpp = 5V +10% 
Power supply voltage, Vop -O0.5to + 7.0V Parameter Symbol Min Max Unit Conditions 
Input voltage, Vj ‘~1,0V to Vpp + 1.0V Input voltage, high Vi 2.2 vo 
Output voltage, Vo -0.5V to Vop + O5V 26 V__ RESIN input 
Operating temperature, Topr - 40 to +85°C Input voltage, low Vit 08 Vv 
Storage temperature, Tstq — 65 to +150°C Output voltage, high Voy Vpp —0.4 V_ CLK output, 
Power dissipation, Pp (DIP) 500 mW lor ea 
Power dissipation, Pp (SO package) 200 mw Von -0.8 V_!on = -4mA 
Output voltage, low Vo. 0.45 Vi Io. =4mA 
Exposure to Absolute Maximum Ratings for extended periods may 
atfect device reliability; exceeding the ratings could cause permanent _—‘Input leakage current |in “1.0 10 HA 
damage. The device should be operated within the limits specified -400 1.0 pA RDYSYN input 
under DC and AC Characteristics. ; 
RESIN input 0.20 Vv 
teresis 
Capacitance ie 
Ta * 25°C; Vpp = +5V Power supply lbp 200 pA 
current (static) 
Parameter Symbol Min Max Unit Conditions 
. Power supply Ippayn 30 mA fin = 20 MHz 
Input capacitance Cry 12 PF sfc = 1 MHz current (dynamic) 
AC Characteristics 
fosc ™ 10 MHz; Ta -40 to +85°C; Vpp = +5V +10% 
fosc = 16 MHz; Ta -10 to +70°C; Vpp = +5 V +5% 
fosc = 20 MHz; Ty -10 to +70°C; Vpp = +5 V +5% 
pPD71011 pPD71011-10 
Parameter Symbol Min Max Min Max Unit Conditions 
Clock Timing 
EXFS Input cycle time tcvrs 50 50 ns 
EXFS pulse width, high tpwesH 20 20 ns 2.2 V measurement point 
EXFS pulse width, low tpwrsL 20 20 ns 0.8 V measurement point 
OSC cycle time fosc 8 20 8 20 MHz from EXFS 
CKSYN pulse width tpweor 2tcyrs 2tcyrs ns 
CKSYN setup time tHFSCTK 20 20 ns 
CKSYN hold time tscrrs 20 . 20 ns 
CLK cycle time tcycx 125 100 ns 
CLK pulse width, high tpwCKH 80 41 ns 3.0 V, fosc = 10 MHz, fosc = 20 MHz 
50 ns 3.0V, fosc = 16 MHz 
CLK pulse width, low tpwoKL 90 49 ns 1.5 V, fosc = 10 MHz, fosc = 20 MHz 
60 ns 1.5V, fosc = 16 MHz 
CLK rise time tLucK 10 5 ns 1.5 > 3.0 V, fogco = 10 MHz, fogc = 20 MHz 
. 8 ns 1.5» 3.0 V, fogg = 16 MHz 2 e 
CLK fall time tHLicK 10 5 ns 3.0 — 1.5 V, fosc = 10 MHz, fogc = 20 MHz 
7 ns 3.0 - 1.5 V, fosc = 16 MHz 
OSC to CLK T delay tock 2 30 2 30 ns CLK T 
OSC to CLK J delay tock -6 28 -6 28 ns CLK J 
PRCLK cycle time tCyPRK 250 200 ns 
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AC Characteristics (cont) 











#PD71011 2#PD71011-10 
Parameter Symbol “Min Max “Min Max Unit Conditions 
Clock Timing (cont) 
PRCLK pulse width, high tpwerkH tcyck toyck ns 
-2 - 20 
PRCLK pulse width, low tpwerkL tcycKk tcyck ns 
~20 - 20 

PRCLK T delay from CLK J tpPRKH 22 22 ns 
PRCLK J delay from CLK J tp PRKL 22 22 ns 
Reset Timing 
RESIN setup to CLK J tsRIcK 65 65 ns 
RESIN hold from CLK J tHCOKRI 20 20 ns 
RESET delay from CLK | tocKRs 40 20 ns 
Ready Timing (RDYSYN =‘H’) 
REN1, 2 setup to RDY1, 2 tsRERY 15 15 ns 
REN1, 2 hold from CLK | tHCKRE 0 0 ns 
RDY1, 2 setup to CLK J tsryck 35 35 ns RDYSYN high 
RDY1, 2 hold from CLK J tHcoKRY 0 0 ns 
RDYSYN setup to CLK J tsRYSCK 50 50 ns 
RDYSYN hold from tucKRYS 0 0 ns 
READY output delay from CLK!  tpcxrpy 8 8 ns READY tT 

8 8 ns READY J 
Ready Timing (RDYSYN ='L’) 
REN1, 2 setup to RDY1, 2 tsRERY 15 15 ns 
REN1, 2 hold from CLK | tHCKRE 0 0 ns 
RDY1, 2 setup to CLK tsryck 35 35 ns RDYSYN low 
RDY1, 2 hold from CLK J tuCKRY 0 ) ns 
RDYSYN setup to CLK J tsRYSCK 50 50 ns 
RDYSYN hold from CLK J tucKRYS 0 0 ns 
READY output delay from CLK! = tpcxrpy 8 8 ns READY t 

8 8 ns READY J 
Output Pin Timing 
Rise time tly 20 20 ns 0.8 > 2.0V 
Fall time tHL 12 12 ns 2.0 + 0.8V 
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Timing Waveforms 


AC Test Input (except RESIN) AC Test Output (CLK) 








2.6V 


2.2V Test Points saree 
0.8 V 0.8V 


0.45 V 


RESIN: Input high level 3.00 V Measurement point 2.6 V 
Input low level 0.45 V Measurement point 0.8 V 
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AC Test Output (except CLK) 83-004048A 


Test Points 
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Clock Output 
F/X xX 
<—tcyFs—> -¢— tPWFSL 
EXFS/OSC 
10% 
> j<— t 
MisGe= SCTFS 
_ <¢— tPWFSH 
CKSYN 





tcYcK 










CLK 






+—_______—_-— tcyprk —————____» 


tpPRKH—->| |< tpPRKL—>| |< 





PRCLK 
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Timing Waveforms (cont) 
RESET Pin 


tpcKRS—>| |<— 
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RDYSYN 
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Timing Waveforms (cont) 
READY Pin (RDYSYN = ‘L) 


RDYSYN 


tDCKRDY—®>| |}+— 


tHCKRY—> <+—— 
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Test Circuit for CLK High or Low Time 
(in Crystal Oscillation Mode) 


16 MHz CI 


Test Circuit for CLK High or Low Time 
(in EXFS Oscillation Mode) 


Pulse 
Generator 


Test Circuit for CLK to READY 
(in Crystal Oscillation Mode) 


16 MHz 


Pulse 
Generator 


REN2 OSC 
CKSYN 
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Test Circuit for CLK to READY 
(in EXFS Oscillation Mode) 


Pulse 
Generator 


Pulse 
Generator 





Loading Circuits 


Load 2 


71011 


Load 1 


71011 


V_=2.3V 
Ri. =4750 


C= 100 pF 


for CLK for Other Output 


Except CLK 
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Description 


The »PD71037 is a direct memory access (DMA) control- 
ler that provides high-speed data transfers between 
peripheral devices and memory for microprocessor sys- 
tems. It is faster and draws less power than its predeces- 
sors. The unit has four DMA channels, each with a 
64K-byte address area and a transfer byte count func- 
tion. The channels enable |/O-to-memory and memory- 
to-memory data transfer. 


The u4PD71037 is a versatile DMA controller that can be 
used for the following applications. 


e@ Office automation equipment (personal computers, 
small business computers, EWS, etc.) 

e Communications 

e Instrumentation 

@ Control 


Features 

QO Processing speed of 10 MHz (twice that of the 
p»PD8237A-5) 

Four independent DMA channels 
Self-initialization for each channel 
Memory-to-memory data transfer 

Block-level memory initialization 


High-speed data transfer 
— 3.2 Mb/s, 10-MHz normal transfer 
— 5.0 Mb/s, 10-MHz compression transfer 


DMA channel count directly expandable in 
expansion mode 


END input for the end of transfer 
Software DMA request 

CMOS 

Low power consumption 


oo 00°80 


oO 


oO Oo O QO 
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pPD71037 
Direct Memory Access 
(DMA) Controller 


Ordering Information 


Part Number Clock (MHz) Package 

pPD71037CZ-10 10 40-pin plastic DIP (600 mil) 
GB-10 10 44-pin plastic QFP 
LM-10 10 44-pin PLCC 


Pin Configurations 
40-Pin Plastic DIP 


DMAAK2 (4 14 
DMAAK3 [J 15 
DMARQS L} 16 
DMARQ2 L] 17 
DMARQi1 L418 
DMARQO L119 


cal Undefined; same non-function as 4PD8237A 
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44-Pin Plastic QFP , Pin Identification 
aa = Symbol Vo ’ Function 
3 Ao-Ag S-state 1/O Four low-order bits of address bus 
Ag-A7z 8-state out Middle four bits of the output state 
2 _ address bus 


ADgAD7 3-state I/O Eight high-order bits of the address and ~ 
functions as an 8-bit data bus 


AEN Out Permits output from an external latch. . 
connected to the 1PD71037 
ASTB Out Makes an external latch to the high-order 
; address 
CLK In Clock input for internal operations and 
data transfer speeds 
ts in Selects the .PD71037 as an 1/O device 
and enables read/write operation 
22 2.2 ee 
Seanene DMAAKO- = Out Permits peripheral device to perform 
8858 DMAAK3 DMA transfer 
aad DMARQO- In Requests the uPD71037 to perform DMA 
2222 DMARQS3 transfer 
aes ENDAG VO Input that forces the hPD71037 to 
terminate DMA transfer; output that posts 
44-Pin PLCC the end of DMA transfer 
HLDAK in Permits the 1«PD71037 to hold the bus 
e HLORQ Out Requests the host CPU to hold the bus 
i IORD 3-state /O Input that enables the host CPU to read 
0 the 1PD71037 status; output that enables 
¢ the 4PD71037 to read data from a 


peripheral device during DMA transfer 


IOWR 8-state /O Input that enables the host CPU to write 
data to the 4PD71037; output that 
enables the #PD71037 to write data to a 
peripheral device during DMA transfer 


MRD 3-state out Memory read during DMA transfer 
MWR 8-state out Memory write during DMA transfer 
READY in Requests extension of a read/write cycle 
during DMA transfer 
225g RESET In Initializes the 4PD71037 
Coo NC _ No connection 
8858 v Fositl fcaasl 
eeee DD - sitive power supply voltage 
3282 GND = Ground reference , 
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PIN FUNCTIONS 
Ao-Ag (Address Bus) 


Ao-Ag input and output the four low-order bits of the 
address bus. During the inactive cycle, these pins are 
used as inputs to enable the host CPU to select an 
appropriate 4PD71037 register. During the DMA cycle, 
Ao-Ag output an address for memory access. 
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Ag-A7 (Address Bus) 


Ag-A7 output the middle bits. of the address bus. During 


the inactive cycle, these pins have high impedance. 
During the DMA cycle, A,-A7 output an address for 
memory access. , 


ADo-AD; (Address/Data Bus) 


ADg-AD7 input and output the high-order byte of an 
address bus and also function as a data bus. This is done 
by time multiplexing. 


During the DMA cycle, the high-order byte of a memory 
address is output. During memory-to-memory transfer, 
memory addresses are output and these pins intermedi- 
ate the memories for data transfer. During the inactive 
cycle, these pins act as a data bus when the host CPU 
reads or writes data from or to the 4PD71037. 


AEN (Address Enable) 


AEN outputs an active-high AEN signal to enable an 
external latch which latches the high-order byte of an 
address during the DMA cycle. The AEN signal is fixed at 
a high level. 


ASTB (Address Strobe) 


ASTB outputs an active-high strobe signal to make an 
external latch retain the high-order byte of an address 
during the DMA cycle. 


CLK (Clock) 


CLK controls all internal 4PD71037 operations and in- 
puts a clock signal to control the DMA transfer speed. A 
maximum clock signal of 10 MHz can be input. 


CS (Chip Select) 


During the inactive cycle, CS inputs an active-low signal 
to enable the host CPU to handle the 4PD71037 as an 
ordinary I/O device to read data to or write data from it. 
During the DMA cycle, this input is internally disabled to 
inhibit reading or writing by the host CPU. 


DMAAKO -DMAAKS (DMA Acknowledge) 


DMAAKO-DMAAK3 indicate to peripheral devices that 
DMA service has been granted. DMAAKO-DMAAKS re- 
spond respectively to DMA channels 0-3. Like the 
DMARQ pins, the active level of these pins is program- 
mable; however, they can be set to an active-high level by 
a RESET input. 


DMARQO-DMARG3 (DMA Request) 


DMARQO-DMARQ3 accept DMA service requests from 
peripheral devices. DMARQO-DMARQ3 respond respec- 
tively to DMA channels 0-3 and the active level for these 
pins is programmable. However, they can be set to an 
active-high level by a RESET input. In fixed nest mode 
(see Channel Priority), the lowest priority is given to 
DMARQ3 and the highest to DMARQO. 


END/TC (End/Terminal Count) 


This is a bidirectional pin. The END input is used to 
terminate the current DMA transfer TC indicates the 
designated cycles of the DMA count transfer have fin- 
ished. If the low END signal is input during the DMA 
cycle, the 4PD71037 forcibly terminates DMA services. If 
the specified number of data transfers is reached, the 
pPD71037 outputs a low TC signal. 


When an END is input or TC is output, the »PD71037 
clears the software DMA request (see Self-Initialization). 
The contents of the address set register are sent to the 
effective address register. 


If self-initialization is not set, the TC bit of the status read 
register and the mask bit of the mask control register are 
set by the END/TC signal. (The corresponding bit of the 
channel using DMA transfer is set.) In memory- 
to-memory transfer, TC is output when the specified 
number of DMA transfers is reached in channel 1. 


If END is not input, pull up this pin to prevent a low signal 
from causing a malfunction. 


HLDAK (Hold Acknowledge) 


When active, HLDAK generates an active-high signal to 
indicate that the host CPU has granted the »PD71037 the 
use of the system bus. When this signal is input,the 
uPD71037 enters a DMA cycle. 


HLDRQ (Hold Request) 


HLDRQ outputs an active-high signal requesting the 
host CPU to hold the bus. 


IORD (I/O Read) 


IORD inputs or outputs an active-low signal to enable the 
host CPU to read »PD71037 data or to enable the 
#PD71037 to read from peripheral devices. 





During the inactive cycle, the read signal is input to 
enable the host CPU to read a »PD71037 register. During 
the DMA cycle, the read signal is output to enable the 
u»PD71037 to read data from a peripheral device. 


pPD71037 
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TOWR (I/O Write) 


IOWR inputs or outputs an active-low signal to enable the 
host CPU to write »PD71037 data or to enable the 
pPD71037 to write data to peripheral devices. 


Durinathe DMA cycle, the write signal is output to enable 
the »PD71037 to write data to a peripheral device. 


During the inactive cycle, the write signal is input.to 
enable the host CPU to write data to a »PD71037 register. 


MRD (Memory Read) 


During the DMA cycle, MRD outputs an active-low MRD 
signal to read data from memory. During the inactive 
cycle, this pin has high impedance. 

MWR (Memory Write) 


During the DMA cycle, MWR outputs an active-low MWR 
signal to write data into memory. During the inactive 
cycle, this pin has high impedance. 


READY (Ready) 


READY inputs an active-high signal to mark the end of 
each data transfer during a DMA operation. If a low- 


speed peripheral device fails to finish transferring data 
within a given read/write cycle, the width of the read/ 
write signal output by the 1.PD71037 can be extended by 
inputting the low READY signal to this pin. During the 
extension, the 4PD71037 enters a wait cycle (TW). 


RESET (Hesei) 

RESET inputs an active-high signal to initialize the 
internal »PD71037 statuses (register contents, etc.). In- 
putting this signal returns the »PD71037 to an inactive 


cycle.When RESET is input, the following control regis- 
ters are cleared to 00H. 


e@ Device control register 
e Status read register 

e Request control register 
e Temporary data register 


The DMA requests (DMARQ pin input) are masked for all 
four DMA channels. The control registers are described 
later in the Registers section. 


After RESET is input, an address-low byte command (see 
Commands section) is issued to the »PD71037 and the 
first byte is placed as the low-order byte in the address/ 
count register. 
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System Configuration With ».PD70108 (V20®) Microprocessor 


PD70108 (V20) LPD71082 (x3) 
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HLDAK HLDRQ 


HLDAK HLDRQ 
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System Configuration With »PD70116 (V30®) Microprocessor . 


»PD70116 (V30) wPD71082 (x3) 
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p»PD71037 Block Diagram 


Bus Control Unit 


Ao-Ag <> 
‘ ae = Internal Address Bus (16) 
AgA7 Cd (16) 


Data Bus 


oP Address 
CLK Registers 


RESET 
READY 
ASTB 
AEN 


Bus 
Control Logic 


MRD, MWR 
IORD,IOWR 


DMA Control Unit 


Priority 
Control Logic 


Timing Control! 
Logic 


INTERNAL BLOCK FUNCTIONS 


The »PD71037 has the following functional units as 
shown in the block diagram. 





‘Bus control unit 

DMA control unit 

Address registers 

Address incrementer/decrementer 
Count registers 

Count decrementer 

Control registers 


Bus Control Unit 


The bus control unit consists of the address and data 
buffers and bus contro! logic. The bus control unit 
generates and receives signals that control addresses 
and data on the internal address and data buses. 


DMA Control Unit 


The DMA control unit contains the priority and timing 
control logic. The priority control logic determines the 


Count 
Registers 


Address 
Increment’ 
Decrement 


Effective Address 
(16 x 4) 
Address Set 
(16 x 4) 


{| Mode Control (4 x 6) 


Control Registers 
Device Control (8) 


Status Read (8) 


Internal Data Bus (8) 


ty Temporary Data (8) 
Count Set 
(16 x 4) 
Effective Count 
(16 x 4) 


Count 
Decrement 
(16) 


Request Control (4) 


Mask Control (4) 
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priority level of DMA requests and arbitrates the use of EX 
the bus in accordance with this priority level. The DMA 

control unit also provides internal timing and controls 

DMA operations. 


Address Registers 


Each of the four DMA channels has one address set 
register and one effective address register. Each register 
stores a DMA 16-bit address. The effective address 
register is updated for each single-byte DMA transfer 
and constantly holds the address to be transferred next. 
The contents of the address set register remain un- 
changed until the host CPU writes a new value to it. At 
self-initialization, the initial DMA address for the next 
DMA service is transferred from the address set register 
to the effective address register. 


Address Incrementer/Decrementer 


The address incrementer/decrementer updates the con- 
tents of the current address register whenever a DMA 
transfer completes. 


pPD71037 
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Count Registers 


Each of the four DMA channels has one 16-bit count set 
register and one 16-bit effective count register that store 
a DMA transfer byte count. The count set register holds 
a value written by the CPU. At self-initialization the value 
is transterrred to the effective address regisier wiere ii 
is set as the number of DMA transfers in the next DMA 
service. 


Achannel’s effective count register is decremented by 1 
for each single-byte transfer and constantly holds the 
remaining number of DMA transfers. If a borrow occurs 
when this register is decremented, the terminal count is 
set to mark the end of the specified number of DMA 
transfers. 


Count Decrementer 


The count decrementer decrements the contents of the 
effective count register by 1 when each DMA transfer 
takes place. 


Control! Registers 


The »PD71037 contains six registers that control the bus 
mode, pin active levels (DMARQ and DMAAK), and the 
DMA transfer mode. 


DMA OPERATION 


The »PD71037 operates in an inactive cycle and a DMA 
cycle. Figure 1 illustrates basic DMA operation flow. 


Figure 1. DMA Operation Flow 
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Inactive Cycle 


During the inactive cycle, the host CPU has authority 
and the »PD71037 is in one of the following states. 


@ The »PD71037 has not yet received an effective DMA 
service request from a peripheral device. 

e@ The »PD71037 has received an effective DMA service 
request, but has not yet received bus authority from 
the host CPU. , 

@ The ».PD71037 performs the following operations dur- 
ing the inactive cycle. 

— Detecting a DMA service request 
— Requesting bus authority 

— Selecting a DMA channel 

— Programming 


In the inactive cycle, there are no active DMA cycles but 
there may be one or more active DMA requests. However, 
the CPU has not yet released the bus. 


Detecting a DMA Service Request. The »PD71037 will 
sample the four DMARQ input pins for each clock signal. 


NEC 


Requesting Bus Authority. When an effective (un- 
masked) DMA request is received, a bus hold request 
signal (HLDRQ) is output to the host CPU. The 1PD71037 
continues to sample DMA requests until it obtains the 
bus by HLDAK input. 


Selecting a DMA Channel. After the CPU returns an 
HLDAK signal and the »PD71037 obtains the bus, the 
»PD71037 stops DMA sampling and selects the DMA 
channel with the highest priority from the valid DMA 
request signals. 


Programming. Before DMA transfer, the transfer ad- 
dresses, the number of DMA transfers, the DMA transfer 
mode, and the active levels of the DMARQ and DMAAK 
pins must be determined. 


While the host CPU holds bus authority, »PD71037 
programming can be done by inputting a low signal to 
the CS pin. The four low-order address bits (Ag-Ag) 
specify a register for a read/write operation. Inputting an 
IORD/IOWR signal performs the operation on the speci- 
fied register. 


DMA Cycle 


in a DMA cycle, the »PD71037 controls the bus and 
performs DMA transfer operations based on pro- 
grammed information. 





Terminal Count. External input of an END signal or 
internal generation of a terminal count terminates DMA 
transfer. The terminal count is generated when a borrow 
occurs as a result of decrementing the effective count 
register, which counts the number of DMA transfers in 
bytes. When this occurs, the 4PD71037 outputs the low 
level pulse TC. 


Figure 2 shows that the effective count register is tested 
after each DMA operation. A borrow is detected after 
each DMA transfer is completed. As a result, the actual 
number of DMA transfers is one greater than the value 
set in the effective count register. 


If self-initialization is not set when DMA service ends, the 
mask control register bits applicable to the channel 
where service is ended are set, and the DMARQ input of 
that channel is masked. 


pPD71037 


Figure 2. Generation of Terminal Count (TC) 
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DMA Transfer Type 


The type of transfer the »PD71037 performs depends on 
the following conditions. 


@ Memory-to-memory transfer enable 
@ Direction of |/O-to-memory transfer for each channel 
© Transfer mode of each channel 


Memory-to-Memory Transfer Enable. The »PD71037 
performs each DMA transfer (1 byte of data) between an 
1/0 device and memory in a one-bus cycle and between 
memories in a two-bus cycle. 


Memory-to-memory transfer can occur only when bit 0 of 
the device control register is set to 1. The DMA channels 
used in memory-to-memory transfers are fixed, with 
channel 0 as the source channel and channel 1 as the 
destination channel. Channels 2 and 3 cannot be used in 
memory-to-memory transfers. The contents of the count 
registers of each channel should be the same when 
performing this type of DMA transfer. 


The »PD71037 performs the following operations until a 
channel 0 terminal count or until END input is present. 
Only the block mode is valid for this type of transfer. 


(1) The memory data pointed to by the effective address 
register of channel 0 is read into the temporary data 
register of the 4PD71037 and the effective address 
register and effective count register of channel 0 are 
updated. 


(2) The temporary register data is written to the memory 
location shown by the effective address register of 
channel 1; the effective address register and effec- 
tive count register are updated. 
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During memory-to-memory transfers, the address of the 


transfer source can be fixed using the device control. 


register. In this manner, a range of memory can be 
padded with the same value (0 or 1) since the contents of 


the source address never change. During. memory-to- 
ArAArT transfor, tha MMAAK signa! and channel O's 


mice y Bs eae ree 


terminal count (TC) are not output. 


Note: If DMARQ1 (channel 1) becomes active, the 
uPD71037 will perform memory-to-l/O transfer even 
though memory-to-memory transfer is selected. Since 
this may cause erroneous memory-to-memory trans- 
fers, mask out channel 1 (DMARQ1) by setting bit 1 of 
the mask register to 1 before starting memory- 
to-memory transfers. 


Direction of 1/O-to-Memory Transfers. All DMA trans- 
fers use memory as a reference point. Therefore, a DMA 
read reads a memory location and writes to an I/O port. 
A DMA write reads an I/O port and writes the data to a 
memory location. In memory-to-l/O transfer, use the 
mode control register to set one of the transfer direc- 
tions in table 1 for each channel and activate the appro- 
priate control signals. . 





Table 1. Transter Direction . 


Transfor Direction Activated Signals 


Memory to 1/O (DMA read) TOWR, MRD 
I/O to memory (DMA write) JORD, MWR 


Verify (Outputs addresses only. Does not om 
perform a transfer) me 


Transfer Modes. In |/O-to-memory transfer, the mode 
control register selects the single, demand, or block 
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mode of DMA transfer for each channel. Table 2 shows 
the various transfer modes and termination conditions. 


Table 2. Transter Termination 


Transfer Mode End of Transfer Condition 
Singie Aliei 1 Gyis of Gata ts transferred 
Demand END input 
Generation of terminal count 
When DMARQ for the channel in DMA service 
becomes Inactive 
Block END input 
Generation of terminal count 
Compressed Timing 


DMA transfer cycles are normally executed in four states 
for each bus cycle. However, when the device control 
register selects compressed timing, one DMA cycle can 
be executed in two states (T2 and T4) for each bus 
cycle. See figure 3. 


Compressed timing may be used in block mode or 
demand mode. (Memory-to-memory transfer is ex- 
cluded.) In this way, compressed timing permits twice 
the amount of data to be transferred when compared 
with normal DMA transfers. 


In block mode or demand mode, addresses are output 
sequentially and the high-order address byte latched in 
external latches need not be updated except after a 
carry or borrow from the low-order byte. For this reason, 
the T1 state is omitted in the bus cycles except during 
the first bus cycle when the high-order address byte is 
changed. 
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Figure 3. 


ADg- AD? 
(Eight high-order 
address bits): 


Norma! 
Transfer 


ADg- ADz 
(Eight high-order 
address bits) 


Compression 
Transfer 


Ag Az 


Software DMA Requests 


The »PD71037 can accept software DMA requests in 
addition to DMA requests from the four DMARQ pins. 
Setting the appropriate bit in the request register gener- 
ates a software request. The mask register does not 
mask software requests. Software DMA requests oper- 
ate differently depending on which bus or transfer mode 
is used. 


Single or Demand Mode. When single or demand mode 
is set, the applicable request bits for the corresponding 
channel are cleared, and software DMA service ends 
with the transfer of 1 byte of data (see Request Control 
Register). 


Block Mode (Memory-to-Memory Transfer). When 
block mode or memory-to-memory mode is set, service 
continues until END is input or a terminal count is 
generated. In memory-to-memory transfer, only the re- 
quest bit for channel 0 is cleared. 


Normal and Compression Transfer Timing 
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Self-Initialization 


When the mode control register is set to self- 
initialization, the »PD71037 automatically initializes the 
address and count registers when END is input or a 
terminal count is generated. The contents of the address 
set register and the count set register are transferred to 
the effective address register and the effective count 
register, respectively. The applicable bit of the mask 
register is not affected. The applicable bit of the mask 
register is set for channels not programmed for self- 
initialization. 


Channel Priority 


Each of the nPD71037’s four DMA channels is assigned a 
priority. When there are DMA requests from several 
channels simultaneously, the channel with the highest 
priority will be serviced. The device contro! register 
selects one of two channel priority methods: fixed nest 
mode or rotation nest mode. 


In fixed nest mode, the priority (starting with the high- 
est) is channel 0, 1, 2, and 3, respectively. In rotation nest 
mode, priority is rotated so that the channel that has just 
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been given service receives the lowest priority and the 
next highest channel number is given the highest prior- 
ity. This method prevents exclusive servicing of some 
channels. 


Figure 4 shows the two priority order methods. 


Figure 4. DMA Channel Priorities 


Fixed Nest Mode 


Rotation Nest Mode 


Highest 


Highest 
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Cascade Connection 


The »PD71037 can be cascaded to expand the system 
DMA channel capacity. To connect a »PD71037 for cas- 
cading (figure 5), perform the following operations. 


(1) Connect pins HLDRQ and HLDAK of the second- 
stage (slave) 4PD71037 to pins DMARQ and DMAAK 
-of any channel of the first-stage (master) »PD71037. 


(2) To select cascade mode of a particular channel of a 
master 4PD71037, set bits 7 and 6 of that channel’s 
mode control register to 11. 


When a channel is set to cascade mode in a master 
pPD71037, DMARQ, DMAAK, HLDRQ, HLDAK, and RE- 
SET are the only valid signals in that master .PD71037. 
The other signals are disabled. The master cascade 
channel intermediates only hold request/hold acknowl- 
edge between slave and the host CPU. 
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Figure 5. Cascade Connection Example 
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DMA Transfer Timing 


Figures 6 through 9 are timing diagrams for the DMA 
transfer operations described previously. 
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Figure 6. 1/O-to-Memory Transfer, Normal Mode Timing 
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Figure 7. Memory-to-Memory Transfer Timing 
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Figure & 1/O-to-Memory Transfer, Compression Mode Timing 
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Figure 9. READY Timing 
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REGISTERS 


The »PD71037 registers are considered to be address/ 
count registers or control registers. 


e@ Address/Count Registers 
— Effective address register 
— Set address register 
— Effective count register 
— Set count register 


e Control Registers 
— Device control register 
— Mode control register 
— Request control register 
— Mask control register for each channel 
— Mask control register for all channels 
— Temporary data register 
— Status read register 


Each address/count register consists of 16 bits. A read/ 
write operation for this type of register is performed by 
accessing 2 bytes of an I/O address. The low-order 
address byte is accessed first, followed by the high- 
order address byte. To set a new value in an address/ 
count register, write its low-order byte first by issuing an 
address low-byte command. The commands you can 
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use are presented later in Commands. Table 3 lists the 
address/count registers for each channel. Each control 
register consists of 8 bits. Table 4 lists the type of output 
and addresses for the control registers. 


Effective Address Register 


A 16-bit effective address register is assigned to each 
channel. It holds the address to be output during DMA 
transfer. This register is updated by +1 for each single- 
byte DMA transfer. 


Set Address Register 


A 16-bit set address register is assigned to each channel. 
It contains the initial value of a DMA transfer address set 
by the host CPU. Unlike the effective address register, 
this register retains its contents until the host CPU writes 
a new byte count into it. At self-initialization, the con- 
tents of the set address register are transferred to the 
effective address register at the initial address register. 
Values are written into the set address register by writing 
its 2 bytes in succession. However, the host CPU cannot 
read the address data from this register. 
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Effective Count Register 


The effective count register is a 16-bit register assigned 
to each channel. It contains the remaining byte count for 
DMA transfer. This register is decremented by 1 for each 
single-byte DMA transfer. As in the effective address 
reqister, a valua is read from or written into the effective 
count register by reading or writing its 2 bytes in suc- 
cession. 


Table 3. Address/Count Registers 








Address 
Channel Register RW (Bits A3-Ag) 
0 Set address register W OH 
Effective address register R/V 
Set count register W 1H 
~ Effective count register == RW 
1 Set address register W 2H 
Effective address register R/W 
Set count register W 3H 
Effective count register RW 
2 Set address register Ww 4H 
Effective address register R/V 
Set count register - Ww 5H 
Effective count register R/W 
3 Set address register WwW 6H 
Effective address register RAW 
Set count register W 7H 
Effective count register RAW 
Notes: 


(1) When a new value fs written into a set address/count register, itis 
simultaneously written into an effective address/count register. 
Therefore, when setting an address and count, you need not 
consider the differences between a set address/count register and 
an effective address/count register 


— 
cS) 


The set address/count registers are used only for writing. If an 
attempt Is made to read these registers, the effective address/ 
count registers are read instead. 
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Table 4. Control Registers 


Address 
Register R/W (Bits A3-Ao) 
Device control register W 8H 
Status read register R 
Request control register WwW 9H 
Mask control register WwW AH 
(each channel) 
Mode control register WwW BH 
Temporary data register R DH 
Mask control register (all Ww FH 
channels) 
Notes: 


(1) An I/O address other than listed in this table is assigned to 
address/count registers or commands; otherwise, the address 
cannot be accessed. 


(2) The 1/O address DH (in the temporary data register) is assigned to 
a software reset command when it is written. Refer to the 
Commands section for details. 


Set Count Register 


A 16-bit set count register is assigned to each channel. It 
holds the initial value of the DMA transfer byte count 
written by the host CPU. Unlike the effective count 
register, the set count register retains its data until the 
host CPU writes a new byte count into it. A value is 
written into the set count register by writing to its 2 bytes 
in succession. However, this register is read-protected. 


Device Control Register 


The 8-bit device control register controls the DMA trans- 
fer modes, determines whether to permit or inhibit DMA 
operation, controls the active levels of DMARQ and 
DMAAK, and determines whether to permit or inhibit 
memory-to-memory transfer. 


Figure 10 shows the format of the device control register 
and table 5 describes the bits . 


Figure 10. Device Control Register 


[axe [ rat | exw | nor [owe [Down Aatb | 
6 5 4 3 2 1 0 





7 
Address 8H 

AKL — DMAAK Active Level 

0 Active low 

1 Active high 
RQL DMARQ Active Level 

0 Active high 

1 Active low 
EXw Extension Writing 

0 Normal writing 

1 Extension writing 
ROT Rotation Nesting 

0 Fixed nest mode 

1 Rotation nest mode 
CMP Compression Transfer 

0 Normal transfer mode 

1 Compression transfer mode 
DDMA DMA Operation 

0 Permit 

1 inhibit 
AHLD Channel 0 Address Hold 

0 Inhibit address fixing 

1 Permit address fixing 
MT Memory-to-Memory Transfer 

0 Inhibit 

1 Permit 





Table §. Device Control Register Bits 
Bit Symbol 
7 AKL 


Description 


DMA acknowledge active level. This bit specifies 
the active levels of the four DMAAK output 
signals. Setting this bit to 1 indicates the active- 
high DMAAK signals. 


RQL DMA request level. This bit specifies the active 
levels of the four DMARQ input signals. Setting 
this bit to 0 indicates the active-high DMARQ 

- signals. 


Extended write. When this bit is set, the 
#PD71037 outputs a write signal at the same 
timing as a read signal (extension writing, 
figure 11). You cannot specify extension writing 
during compressed transfer. 


o 


4 ROT Rotate priority. Setting this bit determines DMA 


channel priorities in rotation nest mode. 
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Table 5. Device Control Register Bits (coni) 
Bit Symbol: Description 


’ CMP Compressed timing. When this bit Is set, DMA 
transfer in the block or demand modes occurs 
at compression timing. Compression transfer 
mode must not be specified during memory- 
to-memory transter. 


- Disable DMA. While this bit is.set, the 4PD71037 
does not output the HLDRQ signal to the host 
CPU even if it receives an effective DMA 
request, It also prevents invalid DMA transfer 
during »PD71037 programming. 


ao 


2 DDMA 


Channel 0 address hold. If memory-to-memory 
transfer is permitted, setting this bit fixes the 
address of the transfer source channel 0. If 
memory-to-memory transfer is inhibited, this bit 
Is meaningless. ‘ 


1 AHLD 


o 


MTM Memory to memory. Setting this bit permits 


memory-to-memory transfer. 





Figure 11. Timing for Extension Writing 


" State | TH | 72 | T3 | T4 | 1 | t2 | 73 | TwY 7 
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Mode Control Register 


The. mode control register specifies DMA transfer mode 
for each channel. Figure 12 shows the format and table 6 
describes the bits. 
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Figure 12. Mode Control Register 


TMODE 


[aon [sen] TR | each | 








7 6 5 4 3 2 1 0 
Address 8H 

TMODE DMA Transfer Mode 

00U Deinana mous 

01 Single mode 

10 Block mode 

1.1 Extension mode 
ADIR Address Direction 

0 Increment an address 

1 Decrement an address 
SEFI Self-Initialization 

(0) Inhibit 

1 Permit 
TDIR Transfer Direction 

00 Verify transfer 

01 \/O-to-memory transfer 

10 Memory-to-I/O transfer 

11 Inhibit transfer 
SELCH Channel! Selection 

00 Channel 0 

01 Channel 1 

10 Channel 2 

11 Channel 3 





Table 6. Mode Control Register Bits | 





Bits 


Symbol 


Description 





7,6 


a 


fy 


TMODE 


ADIR 


SEFI 


TDIR 


SELCH 


Transfer mode. These bits Indicate the DMA 
transfer mode for I/O-to-memory transfer 
(meaningless during memory-to-memory 
transfer because block mode is automatically 
selected). 


Address direction. This bit indicates whether the 
effective address register is incremented or 
decremented. If set to 0, the register is 
incremented by 1 for each single-byte transfer. 
if set to 1, itis decremented by 1 for each 
single-byte transfer, 


Self-initialization. in memory-to-memory transfer, 
assign the same value to the SEFI bits of 
channel 0 (transfer source) and channel 1 
(transfer destination). 


Transfer direction. These bits specify the |/O- 
to-memory transfer direction (meaningless 
during memory-to-memory transfer). 


Select channel. These bits specify the DMA 
channel to which DMA transfer modes are 
specified by bits 7-2. 
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Status Read Register 


The status read: register indicates whether a DMA re- 
quest or terminal count is generated and whether the 
END signal is externally input. This information is set for 
each channel. Figure 13 shows the register format and 
table 7 describes the bits. 


Figure 13. Status Read Register 


Face | rae | Rat | AGO | Tos | 12] 101 | 100] 
7 6 5 4 3 2 1 0 


Address 8H 
RQ3-RQO Hardware DMA Request (Channels 3-0) 
0 Request not generated 
1 Request generated 
TC3-TCO Terminal Count (Channels 3-0) 
0 Transfer not yet terminated 
1 END input or terminal count occurs 
Table 7. Status Read Register Bits 
Bits Symbol Description 
7-4 RQ3-RQO0 DMA request. These bits specify whether a DMA 
hardware request is generated by inputting the 
DMARQ signal. If the corresponding channel is 
masked, these bits are reset as long as the 
DMARGQ input is active for this channel. A 
hardware DMA request held by a mask can be 
detected by sampling these bits. 
3-0 TC3-TCO Terminal count. These bits specify whether the 


END signal is input or a terminal count is 
generated. This information is.set for each 
channel. If a terminal count occurs within a 
channel or an END signal is externally input, 
the corresponding channel bit is set: These bits 
are reset each time the status read register Is 
read. 


Temporary Data Register 


The temporary data register contains the data trans- 
ferred last during memory-to-memory transfer. Figure 14 
shows the register format. 


Figure 14. Temporary Data Register 
7 6 5 4 3 2 1 0 


Address DH 


Request Control Register 


The request control register controls software DMA 
requests. Figure 15 shows the register format and table 8 
describes the bits. 


Figure 15. Request Control Register 


Fis ea eel ea ca 


Pa f 1 ¢) 
Address 9H 
SRQ Software DMA Request 
0 Reset DMA request bit 
1 Set DMA request bit 
SELCH Select Channel 
00 Channel'0 
01 Channel 1 
10 Channel 2 
11 Channel 3 


Table 8 Request Control Register Bits 
Bits Symbol 
2 SRQ 


Description 


Software DMA request. This bit controls a 
software DMA request for the channel selected 
by bits 0 and 1. Setting this bit to 1 sets the 
request bit of the selected channel. Setting it to 
0 resets the request bit. 


1,0 SELCH Select channel. These bits specify the channel 
for which software DMA request control Is 


executed. 





Mask Control Registers 


The mask control register controls the DMA request 
mask for each channel. Two types of mask control 
registers are provided. The first is a register that masks 
each of the channels separately (figure 16). The second 
is a register that masks all of the channels at once (figure 
17). Table 9 describes the mask control register bits. 


Figure 16. Mask Control Register (Each Channel) 


ee | emer | SEC 
6 5 4 3 2 


7 1 (0) 
Address AH 
MSET DMARQ Mask 
0 Reset mask 
1 Set mask 
SELCH Select Channel 
00 Channel 0 
01 Channel 1 
10 Channel 2 
11 Channel 3 
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Figure 17. Mask Control Register (All Channels) 





Address FH 
M3-Mo DMARQ Mask (Channels 3-0) 
0 Reset mask 
1 Set mask 





Table 9. Mask Control Register Bits 








COMMANDS 


The »PD71037 supports three commands (in addition to 
the registers) to contro! data transfer operations. 

@ Address low-byte command : 

e Software reset command 

@ Clear-all-masks command 


The host CPU writes data into these commands (table 
10) to enable them to control »PD71037 operation. Unlike 
the registers, any data can be written into the com- 
mands. 


Function 
This command must be issued before a new value is set in an address/ 


count register The low-order byte of this new value is set first and then its 
high-order byte is set. 


The reset operation performed by this command Is the same as the 
normal hardware reset operation. The reset operation clears the device 


control register, status read register, request control register, and 
temporary data register to OOH. Masks are set for all channels. 


Bits Symbol Description 

Each Channel 

2 MSET Mask set. This bit masks the DMA request 
(OMAROQ pin input) for the channel selected in 
bits 1 and 0. 

1,0 SELCH — Select channel. These bits select the channel to 
mask, 

All Channels 

3-0 M3-MO Mask. These bits specify whether a mask is set 
or reset for the four DMA channels. Setting any 
of the bits to 1 masks the respective channel 
and the DMA request (DMARQ pin input) for 
this channel is inhibited. Setting any of these 
bits to 0 resets the mask. 

Table 10. List of Commands 

Command R/W Address (Bits Ag-Apo) 

Address low-byte W CH 

Software reset WwW DH 

Clear-all-masks _ WwW EH 

Notes: 


(1) After the reset operation by hardware or software, a value is 
written in the low-order byte of the address/count register. 


(2) If an attemptis made to read 1/O address DH, the temporary data 
register is read instead. See table 4. 


The masks for all channels are released and the reception of a DMA 
transfer request is permitted. 
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ELECTRICAL SPECIFICATIONS Capacitance 

; : Ta = 25°C 
Absolute Maximum Ratings Parameter Symbol Min Typ Max Unit Conditions 
Mads input C| 8 15 pF fo = iMHz; 
Supply voltage, Vpp -0.5 to 7.0 V capacitance unmeasured pins 
Input voltage, V; ~0.5t0 Vpp+0.3V Output Co a. pe neste ON 
Output voltage, Vo -0.5 to Vpp + 0.3 V ee 5 ee 
Ai tn a ee ee. NO Cio 10 8 pF 
Operating temperature range, Topr 40 to +85°C capacitance 
Storage temperature range, Tsta -65 to + 150°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 


DC Characteristics 
Ta = -40 to +85°C; Vop = +5.0V + 10% 


























Parameter Symbol Min Typ Max Unit Conditions 
Input voltage, low Vita -0.5 0.6 Vv CLK pin 
Vit2 -0.5 0.8 Vv All except CLK 
Input voltage, high Vind 3.3 , Vop + 0.3 V CLK pin 
Vin2 2.2 Vpp + 0.3 Vv All except CLK 
Output voltage, low VoL 0.4 Vv lo. = 2.5 mA; lo, = 4.5 mA (TC only) 
Output voltage, high Vou 0.7 Vop Vv lon = —400 pA 
Input leakage current la +10 pA V, = OV to Vop 
Output leakage current lLo +10 pA Vo = OV to Vpn 
Power supply current Ipp 20 mA 10-MHz operation 








AC Characteristics 
Ta = -10 to +70°C; Vop = +5.0 V + 10% 














Parameter Symbol Min Max Unit Conditions 
DMA Master Mode 

AEN high delay time from CLK low taeL 100 ns $1 

AEN Iow delay time from CLK high taer 70 ns. $1 

Address active to float delay from CLK high taFAB 80 ns 
TORD/MRD or IOWR/MWR float from CLK high tarc 80 ns 

DB active to float delay from CLK high tarpB 120 ns 

Address hold time from IORD/MRD high tauR toy - 100 ns 

DB hold time from ASTB low taHs 20 . ons 

Address hold time from IOWR/MWR high taHw tcy -— 40 ns 

DMAAK valid delay time from CLK low tak 100 ns 

TC high delay time from CLK high tak 100 ns 

TC low delay time to CLK high tak 90 ns 

Address stable from CLK high tasm 80 ns 

Data bus setup time to ASTB low tass 40 ns 

Clock pulse width, high tou 39 ns Transitions = 10 ns 
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AC Characteristics (cont) 

















Parameter wb Symbol Min Max Unit Conditions 
DMA Master Mode (cont). 
Clock pulse width, low to. 45 ns Transitions = 10 ns 
CLK evele , tov 100 1000 ns 
os high delay to IORD/MRD or IOWR/MWA toeL | 10 ns 
jow 
TORD/MRD high delay time from CLK high tocTrR 10 80 ns $4 
TOWR/MWR high delay time from CLK high toctw 10 55 ns S4 
HLDRQ valid delay time from CLK high tpai/ 70 ns 
tpa2 
END low setup time from CLK low teps 25 ns 
END pulse width tepw 100 ns 
Address float to active delay from CLK high tFAAB 80 ns 
TORD/MAD or IOWR/MWR active from CLK trac 80 ns 
high 
Data bus float to active delay from CLK high tFADB 70 ns 
HLDAK valid setup time to CLK high tus 50 ns 
input data hold time from MRD high tipH 20 ns 
Input data setup time to MAD high tips 90 ns 
Output data hold time from MWR high tony 10 ns 
Output data valid to MWR high topv 65 ns 
DMARQ setup time to CLK low tas 20 ns $1, $4 
CLK hold time to READY low tay 20 ns 
READY setup time to CLK low tks 25 ns 
ASTB high delay time from CLK high tsTL 70 ns 
ASTB low delay time from CLK high tstt 70 ns 
Peripheral (Slave) Mode | 
Address valid or CS low to JORD/MRD low tan 35 ns 
Address valid setup time to JOWR/MWR high taw 80 ns 
CS low setup time to IOWR/MWR high tow 90 ns 
Data valid setup time to IOWR/MWR high tow 80 ns 
Address or CS hold from IORD/MRD high tra 0 ns 
Data access from IORD/MRD low tape 120 ns 
Data bus float delay from IORD/MRD high tao 0 70 ns 
Power supply setup time high to RESET low trstp 500 ns 
RESET to first IORD or IOWR tasts tcy ns: 
RESET pulse width — tastw 200 ns 
TORD/MRD width trw 150 ns 
Address hold time from IOWR/MWR high twa 15 ns 
CS hold time high from IOWR/MWR high. two 15 ns 
Data hold time from IOWR/MWR high two 20 ns 
JOWR/MWR width twws 90 ns 
Access recovery time 125 ns 


No 
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Timing Waveforms 


Memory-to-Memory Transfer 
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Compressed Transfer 


IORD, MRD 


IOWR, MWR 
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Slave Mode Write 
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Description 


The uwPD71051 serial control unit is a CMOS USART 
designed to provide serial data communications in 
microcomputer systems. The CPU uses it as a peri- 
pheral I/O device and programs it to communicate in 
synchronous or asynchronous serial data transmission 
protocols, including IBM bisync. 


The USART receives serial data streams and converts 
them into parallel data characters for the CPU. While 
receiving serial data, the USART can also accept 
parallel data from the CPU, convert it to serial, and 
transmit the data. The USART signals the CPU when it 
has received or transmitted a character and requires 
service. The CPU may read complete USART status 
data at any time. 


Features 


CO) Synchronous operation 
One or two SYNC characters 
Internal/external synchronization 
Automatic SYNC character insertion 
C1) Asynchronous operation 
Clock rate: (baud rate) 
x1, x16, or x64 
Send stop bits: 1, 1.5, or 2 bits 
Break transmission 
Automatic break detection 
Valid start bit detection 
C1 Baud rate: DC - 240 kbit/s at x1 clock 
C] Full duplex, double-buffered transmitter/receiver 
QO) Error detection: parity, overrun, and framing 
C) Five- to eight-bit characters 
1) Low-power standby mode 
CX) Compatible with standard microcomputers 
C) Functionally equivalent to (except standby mode) 
and can replace the wPD8251AF 
C] CMOS technology 
CO] Single +5 V + 10% power supply 
CO Industrial temperature range —40 to +85°C 
OO 28-pin plastic DIP or PLCC or 44-pin plastic QFP 
CO) 8 MHz and 10 MHz 
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uPD71051 
Serial Control Unit 


Ordering Information 


Part Number Clock (MHz) Package 
uPD71051C-8 8 28-pin plastic DIP 
C-10 10 
GB-8 8 44-pin plastic QFP 
GB-10 10 
L-8 8 28-pin PLCC 
L-10 10 


Pin Configurations 


28-Pin Plastic DIP 
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Pin Configurations (cont) 


44-Pin Plastic QFP 
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21 [) RESET 


TxEMP 
Do cts 
Dy SYNC/BRK 
D2 © wPD71051 TxRDY 
D3 RxRDY 
RxDATA RD 
GND 
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Pin identification 





Symbol Function © 

TxDATA Transmit data output 

CLK Clock input 

RESET _ Reset input 

DSR Data set ready input 

RTS ‘Request to send output 

DTR Data terminal ready output 

RxCLK Receiver clock input 

Vpp , +5 V power supply 

D7-Do Data bus ; 

IC : Internally connected (Do not connect 
any signal to an.IC pin) 

RxDATA Receive data input 

GND Ground 

TxCLK Transmitter clock input 

WR Write strobe input 

cs Chip select input 

c/D Control or data input 

RD Read strabe input 

RxRDY Receiver ready output 

TxRDY Transmitter ready output 

SYNC/BRK Synchronization/Break input/output 

CTs Clear to send input 

TxEMP Transmitter empty output 

NC Not connected 


Pin Functions 

D7-Dp [Data Bus] 

D7-Dg are an 8-bit, 3-state, bidirectional data bus. The 
bus transfers data by connecting to the CPU data bus. 
RESET [Reset] 


A high level to the RESET input resets the wPD71051 
and puts it in an idle state. It performs no operations in 
the idle state. The wPD71051 enters standby mode 


' when this signal falls from’a high level to a low level. 


Standby mode is released when the CPU writes a mode 
byte to the uPD71051. The reset pulse width must be at 
least 6 tcyx cycles and the clock must be enabled. 
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CLK [Clock] 


This clock input produces internal timing for the 
uPD71051. The clock frequency should be at least 30 
times the transmitter or receiver clock input frequency 
(TxCLK, RxCLK) in sync or asyne mode with the X1 
clock. This assures stable operation. The clock 
frequency must be more than 4.5 times the TxCLK or 
RxCLK in async mode using x16 or x64 clock mode. 











CS [Chip Select] 


The CS input selects the wPD71051. The wPD71051 is 
selected by setting CS = 0. When CS = 1, the uPD71051 
is not selected, the data bus (D7-Do) is in the high 
impedance state, and the RD and WR signals are 
ignored. 


RD [Read Strobe] 

The RD input is low when reading data or status 
information from the uwPD71051. 

WR [Write Strobe] 

The WR input is low when writing data or acontrol byte 
to the wPD71051. 

C/D [Control or Data] 


TheC/D input determines the data type when accessing 
the wPD71051. When C/D = 1, the data is a control 
byte (table 1) or status. When C/D = 0, the data is 
character data. This pin is normally connected to the 
least significant bit (Ap) of the CPU address bus. 


Table 1. 
cS RO WR cD 


Control Signals and Operations 
uPO071051 CPU Operation 


Receive data buffer 














0 0 1 0 Read receive data 
Data bus 
Status register 
0 0 1 1 Read status 
Data bus 
Data bus 
0 1 0 0 i Write transmit data 
Transmit data buffer 
Data bus 
0 1 #0 1 SY Write control byte 
Control byte register 
; Databus:- - 
0 ' } ‘ High impedance mene 
1 : ‘ ‘ Data bus: None 


High impedance 
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DSR [Data Set Ready] 


DSR is a general-purpose input pin that can be used for 
modem control. The status of this pin can be determined 
by reading bit 7 of the status byte. 


DTR [Data Terminal Ready] 


DTR is a general-purpose output pin that can be used 
for modem control. The state of this pin can be 
controlled by writing bit 1 of the command byte. If bit 1 
= 0, then DTR = 1. If bit 1 = 1, then DTR = 0. 


RTS [Request to Send] 


RTSisa general-purpose output pin that can be used 
for modem control. The status of this pin can be 
controlled by writing bit 5 of the command byte. If bit5 
= 1, then RTS = 0. If bit5 = 0, then RTS = 1. 


CTS [Clear to Send] 


The CTS input controls data transmission. The 
uPD71051 is able to transmit serial data when CTS =0 
and the command byte sets TxEN = 1. If CTS is set 
equal to 1 during transmission, the sending operation 
stops after sending all currently written data and the 
TxDATA pin goes high. 


TxDATA [Transmit Data] 


The wPD71051 sends serial data over the TxDATA 
output. 


TxRDY [Transmitter Ready] 


The TxRDY output tells the CPU that the transmit data 
buffer in the wPD71051 is empty; that is, that new 
transmit data can be written. This signal is masked by 
the TxEN bit of the command byte and by the CTS 
input. It can be used as an interrupt signal to request 
data from the CPU. 


The status of TxRDY can be determined by reading bit 
0 of the status byte. This allows the wPD71051 to be 
polled. Note that TxRDY of the status byte is not 
masked by CTS or TxEN. 


TxRDY is cleared to 0 by the falling edge of WR when 
the CPU writes transmit data to the wPD71051. Data in 
the transmit data buffer that has not been sent is 
destroyed if transmit data is written while TXRDY = 0. 
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TxEMP [Transmitter Empty] 


The ywPD71051 reduces CPU overhead by using a 
double buffer; the transmit data buffer (second buffer) 
and the transmit buffer (first buffer) in the transmitter. 
When the CPU writes transmit data to the transmit data 
buffer (second buffer), the wPD71051 sends data by 
transferring the contents of the second buffer to the 
first buffer, after transmitting the contents of the first 
buffer. 


This empties the second buffer and TxRDY is set to 1. 
The TxEMP output becomes 1 when the contents of the 
first buffer are sent and the second buffer is empty. 
Thus, TXEMP = 1 shows that both buffers are empty. In 
half-duplex operation, you can determine when to 
change from sending to receiving by testing TXEMP = 1. 


When TxEMP = 1 occurs in async mode, the TxXDATA 
pin goes high. When the CPU writes transmit data, 
TxEMP is set to 0 and data transmission resumes. 


When TxEMP = 1 occurs in sync mode, the uPD71051 
loads SYNC characters from the SYNC character 
register and sends them through the TxDATA pin. 
TxEMP is set to 0 and resumes sending data after 
sending (one or two) SYNC characters and the CPU 
writes new transmit data to the wPD71051. 


TxCLK [Transmitter Clock] 


The TxCLK input is the reference clock input that 
determines the transmission rate. Data is transmitted 
at the same rate as TxCLK in sync mode. In async 
mode, set TxCLK to 1, 16, or 64 times the transmission 
rate. Serial data from TxDATA is sent at the falling edge 
of TxCLK. 


For example, a rate of 19200 baud in sync mode means 
that TxCLK is 19.2 kHz. A rate of 2400 baud in async 
mode.can represent a TxCLK of: 


X1 clock = 2.4 kHz 
x16 clock = 38.4 kHz 
' x64 clock = 153.6 kHz 











RxDATA [Receive Data] 


TheyPD71051 receives serial data through the RXDATA 
input. a 


RxRDY (Receiver Ready] 


The RxRDY output becomes 1 when the wPD71051 
receives one character of data and transfers that data 
to the receive data buffer; that is, when the receive data 
can be read. This signal can be used as an interrupt 
signal for a data read request to the CPU. You can 
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determine the status of RxRDY by reading bit 1 of the 
status byte and use the 4PD71051 in a polling applica- 
tion. RxRDY becomes 0 when the CPU reads the 
receive data. 


Unless the CPU reads the receive data (after RxRDY = 
1 is set) before the next singie character is received ang 
transferred to the receive buffer, an overrun error 
occurs, and the OVE status bit is set. The unread data 
in the receive data buffer is overwritten by newly 
transferred data and lost. 


RxRDY is set to 0 in the receive disable state. This state 
is set by changing the RxEN bit to 0 through the 
command byte. After RxEN is set to 1 (making receiving 
possible), RXxRDY becomes 1 whenever new characters 
are received and transferred to the receive data buffer. 


SYNC/BRK [Synchronization/Break] 


The SYNC pin detects synchronization characters in 
sync mode. The SYNC mode byte selects internal or 
external SYNC detection. The SYNC pin becomes an 
output when internal synchronization is set, and an 
input when external synchronization is set. 


The SYNC output goes high when the wPD71051 
detects a SYNC character in internal synchronization. 
When two SYNC characters are used, SYNC goes high 
when the last bit of the two consecutive SYNC 
characters is detected. You can read the status of the 
SYNC signal in bit 6 of the status byte. Both the SYNC 


pin and status are set to 0 by a read status operation. 


In external synchronization, in order for the external 
circuit to detect synchronization, a high level of at least 
one period of RxCLK must be input to the SYNC pin. 
When the wPD71051 detects the high level, it begins to 
receive data, starting at the rising edge of the next 
RxCLK. The high level input may be removed when 
synchronization is released. 





The BRK output is used only in async mode and shows 
the detection of a break state. BRK goes high when a 
low level signal is input to the RxDATA pin for two 
character bit lengths (including the start, stop, and 
parity bits). As with SYNC, you can read the status of 
BRK in bit 6 of the status byte. BRK is not cleared by the 
read operation. 


The set BRK signal is cleared when the RxDATA pin 
returns to high level, or when the uPD71051 is reset by 
hardware or software. The SYNC/BRK pin goes low on 
reset, regardless of previous mode. Figure 1 shows the 
break state and BRK signal. 
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RxCLK [Receiver Clock] 


RxCLK is a reference clock input that controls the 
receive data rate. In sync mode, the receiving rate is the 
same as RxCLK. In async mode, RxCLK can be 1, 16, or 
64 times the receive rate. Serial data from RxDATA is 
input by the rising edge of RxCLK. 











Vpp [Power] 


+5 V power supply. 


GND [Ground] 
Ground. 


Figure 1. Break Status and Break Signal 
8-bit Character, No Parity 


Stop Bit [2] Stop Bit 
Start Bit 
, Character Bits . Character Bits 
eT | oS 
RxDATA Do 07 11 Do D7 


|}~—__—First Data———_»+«——— Second Data ——_»! 
Block Block [1] 
BRK 


6-bit Character with Parity 


Parity Bit Parity Bit 
Stop Bit (2] Stop Bit 
Start Bit Start Bit Start Bit 
| cove Bits Character Bits 
—__—_ ————_ 
Do Ds Do Ds 


«First Data» «+ _ Second Data ——+! 


RxDATA 


Block Block [1] 
BRK 


Note: 


[1] When RxDATA goes high in the stop bit position of the second data block, 
the BRK signal level may [but does not always] become high for a 
maximum of one bit time. 


[2] Only one bit of the stop bit is checked. 
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uUPD71051 Functions 


The wPD71051 is a CMOS serial control (USART) unit 
that provides serial communications in microcomputer 
systems. The CPU handles the uPD71051 as an ordinary 
I/O device. 


TheyuPD71051 can operate in synchronous or asynchro- 
nous systems. In sync mode, the character bit length, 
number of sync characters, and sync detection mode 
must be designated. In async mode, the communication 
rate, character bit length, stop bit length, etc., must be 
designated. The parity bit may be designated in either 
mode. 


The uPD71051 converts parallel data received from the 
CPU into serial transmitted data (from the TxDATA 
pin), and converts serial input data (from the RxDATA 
pin) into parallel data so that the CPU can read it 
(receiving operation). 
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The CPU can read the current status of the wPD71051 
and can process data after checking the status, after 
checking for transfer errors, and uPD71051 data buffer 
status. . 


Control 





The wPD71051 can be reset under hardware or software 
control to a standby mode that consumes less power 
and removes the device from system operation. In this 
mode, the wPD71051’s previous operating mode is 
released and it waits for a mode byte to set the mode. 
The wPD71051 leaves standby mode and shifts to a 
designated operating mode when the CPU writes a 
mode byte to it. 


Status Register 


The status register allows the CPU to read the status of 
the uPD71051 except in standby mode. This register 
indicates status and allows the CPU to manage data 
reading, writing, and error handling during operations. 


Receive Data Buffer 


When the receiver has converted the serial data input 
from the RxDATA pin into parallel data, the converted 
data is stored in the receive data buffer. The CPU can 
then read it. Data for one character entering the receive 
buffer is transferred to the receive data buffer and 
RxRDY becomes 1, requesting that the CPU read the 
data. 
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Transmit Data Buffer 


The transmit data buffer holds the parallel data from 
the CPU that the transmitter will convert to serial data 
and output from the TxDATA pin. When the CPU writes 
transmit data to the 4PD71051, the wPD71051 stores 
data in the transmit data buffer. The transmii daia 
buffer transfers the data to the transmitter, which 
sends the data from the TxDATA pin. 


Control Register 


This register stores the mode and the command bytes. 


Control Logic 


The control logic sends control signals to the internal 
blocks and controls the operation of the wPD71051 
based on internal and external signals. 


Synchronous Character Register 


This register stores one or two SYNC characters used 
in sync mode. During transmission, the SYNC 
characters stored in this register are output from the 
TxDATA pin when the CPU does not send a new 
character and TxEMP status is set. During receiving, 
synchronization is established when the characters 
received and the SYNC characters stored in this 
register are the same. 


Transmitter 


The contents of the transmit data buffer are transferred 
to the transmitter, converted from parallel to serial, and 
output from the TxDATA pin. The transmitter adds 
start, stop, and parity bits. 


Receiver 


The receiver converts serial data input from the RXxDATA 
pin into parallel data and transfers the parallel data to 
the receive data buffer, allowing the CPU to read it. 


The receiver detects SYNC characters and checks 
parity bits in sync mode. It detects the start and stop 
bits, and checks parity in the async mode. 


In async mode, receiving does not begin (the start bitis 
not detected) until one effective stop bit (high level) is 
input to the RxDATA pin and Receive Enable (RxEN = 
1) is set after setting up the mode. 


Modem Control 


This block controls the CTS, RTS, DSR, and DTR 
modem interface pins. The RTS, DSR, and DTR pins 
can also be used as general-purpose {/O pins. 


NEC 


Absolute Maximum Ratings 
Ta = +25°C 


Power supply voltage, Vpp —0.5 to +7.0 V 
Input voltage, V; —0.5 to Vpp + 0.3 V 
Output voltage, Vo ~ —0.5 to Vpp + 0.3 V 
Operating temperature, Topt —40°C to +85°C 
Storage temperature, Tstg —65°C to +150°C 
Power dissipation, PDyjax 1.0 W 


Comment: Exposing the device to stresses above those listed in 
Absoiute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Ta = +25°C, Vpp =0V 

Limits Test 
Parameter Symbol Min Max Unit Conditions 
Input capacitance C 10 pF a Hite ‘Cains 
1/0 capacitance Cio 20 pF returned to0V 


DC Characteristics 
Ta = —40°C to +85°C, Vpp = +5 V + 10% 








Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input voltage Viy 2.2 Vpp+0.3 V . 
high 
Input voltage Vi, —0.5 0.8 V 
low 
Output voltage Voy 0.7xVpp Vs lon = —400 wA 
high 
Output voltage Vo. 0.4 Vo lop = 2.5 mA 
low . ; 
Input leakage = ILiy 10 pA Vi=Vpp 
current high oe 
Input leakage = IL y,. —10 pA V,=0V 
current low 
Output leakage tou 10 HA Vo=Vpp 
current high 
‘Output leakage io.” -—10 pA Vo=0V 
current low _ 
Supply current 
uPD71051 Ipp1 10 mA _ Normal mode 
 Ippe 50 «100» wA Stand-by mode 
uPD71051-10 pp 10 mA Normal mode 
Stand-by mode 


Ipp2 2 30 yA 
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AC Characteristics 
Ta = —40°C to +85°C, Vpp = 5 V +10% 
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8 MHz Limits 10 MHz Limits 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Read Cycle 
Address setup to RD | tsar 0 0 ns Cs, c/D 
Address hold from RD t tyra 0 0 ns Cs, C/D 
RD low level width tRAL 150 95 ns 
Data delay from RD $ torp 120 85 ns Cy = 150 pF 
Data float from RD t terp 10 80 10 65 ns 
Port (DSR, CTS) set-up to RD $ tspp 20 20 tovK 
Write Cycle 
Address setup to WR | tsaw 0 0 ns Cs, C/D 
Address hold from WR f tHwa 0 0 ns CS, C/D 
WR low level width twwL 150 95 ns 
Data setup to WRI tspw 80 80 ns 
Data hold from WR t tuwo 0 0 tcyK 
Port (DTR, RTS), delay from WRT — tpwp 8 8 toyK 
Write recovery time try 6 6 toyK Mode initialize 
8 8 teyk Async mode 
16 16 teyK Sync mode 
Serial Transfer Timing 
CLK cycle time tcyk 125 DC 100 DC ns 
CLK high level width tkKH 50 35 ns 
CLK low level width tKKL 35 25 ns 
CLK rise time tke 5 20 5 20 ns 
CLK fall time tk 5 20 5 20 ns 
TXDATA delay from TxCLK tpTKTD 0.5 0.5 US 
Transmitter input clock pulse tTKTKL 12 12 tcyK 1xBR (Note 1) 
width low level 1 1 feo. 16x, 64xBR 
Transmitter input clock pulse tTKTKH 15 15 teykK 1xBR 
width high level 3 3 fev 16x, 64xBR 
Transmitter input clock ft DC 240 DC 300 kHZ 1xBR 
frequency INoIzie) OC 1536 Dc 1920 kHz 16xBR 
DC 1536 DC 1920 kHz 64xBR 
Receiver input clock pulse tRKRKL 12 12 teyK 1xBR 
width low level 1 1 feu 16x, 64xBR 
Receiver input clock pulse tRKRKH 15 15 teyK 1xBR 
width high level 3 3 evi 16x, 64xBR 
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AC Characteristics (cont) 
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8 MHz Limits 10 MHz Limits 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Serial Transfer Timing (cont) 

ReCeIVeEl Wipiit ClocK frequency TR pe 240 ne 300 kHz 1xBR 
iNote2) DC 1536 DC 1920 kHz 16xBR 

DC 1536 OC 1920 kHz 64xBR 

RxDATA set-up to Sampling pulse tsrpsp 1 1 us 

RXxDATA hold from sampling tuspro 1 1 US 

pulse 

TxEMP delay time (TxDATA) toTXEP 20 20 toyK 

TXRDY delay time (TxRDYT) toTxR 8 8 toyk 

TxRDY delay time (TxRDY 4) tpWTXR 200 100 ns 

RxRDY delay time (RxRDY t) tDRXR 26 26 tcyk 

RxRDY delay time (RxXRDY 4) tpRRXR 200 100 ns 

SYNC output delay time tprKsY 26 26 teyK 

(for internal sync) 

SYNC input set-up time tssyrk 18 18 teyk 

(for external sync) 

RESET pulse width 6 6 tcyk 


Notes: 

(1) BR= Baud rate 

(2) 1xBR: ft, Or faK $= 1/30 to_K, 16x, 64xBR: ft, Or faK = 1/4.5toLK 
(3) System CLK is needed during reset operation 

(4) Status update can have a maximum delay of 28 tcyx from the 


event effecting the status. 


Timing Waveforms 


Write Data Cycle 
— 

















\ tDWTXR ‘ 


TxRDY / \ 
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Read Data Cycle 








toro terp 
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RxRDY / . \ 
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Timing Waveforms (cont) 





Transmitter Clock and TxDATA 
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Receiver Clock and RxDATA Timing 


RxCLK [1 x BR] 


Internal 
Sampling 
Pulse 





tsrpsp 


RxDATA Start Bit 


anree Seer tRKRKL tRKRKH 
16 RxCLK 
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RxCLK (16 x BR} JS *‘\SV 
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AC Test Input Write Recovery Time: 


2.2V 22V 
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<_—_— Fest Points = 
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Main Clock 
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Connecting the .PD71051 to the System 


The CPU uses the wPD71051 as an I/O device by 
allocating two I/O addresses, set by the value of C/D. 
One I/O address is allocated when the level of C/D is 
low and becomes a port to the transmit and receive 
data register. The other I/O address is allocated when 
C/D ishigh and becomes a port to the mode, command, 
and status registers. Generally, the least significant bit 
(Ao) of the CPU address bus is connected to C/D to get 
a continuous I/O address. This is shown in figure 2. 


Pins TxRDY and RxRDY are connected to the CPU or, 
when interrupts are used, to the interrupt pin of the 
interrupt controller. 


Operating the vPD71051 


Start with a hardware reset (set the RESET pin high) 
after powering on the wPD71051. This puts the 
uPD71051 into standby mode and it waits for a mode 
byte. In async mode, the wPD71051 is ready for a 
command byte after the mode byte; the mode byte sets 
the communication protocol to the async mode. In 
sync mode, the yPD71051 waits for one or two SYNC 
characters to be sent after the mode byte; set C/D = 1. 
Acommand byte may be sent after the SYNC characters 
are written. Figure 3 shows this operation sequence. 


In both modes, it is possible to write transmit data, read 
receive data, read status, and write more command 
bytes after the first command byte is written. The 
uPD71051 performs a reset, enters standby mode, and 
returns to a state where it waits for a mode byte when 
the command byte performs a software reset. 


Figure 2. System Connection 


Address Bus 


is 


Data Bus 
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Figure 3. ~PD71051 Operating Procedure 


| Hardware Reset | 
Write Mode Byte 





Read Status 


Software 
Reset? 





Note: 
[1] This is done with C/D = 0. Others are operated with C/D = 1. 
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Mode Register 


When the wPD71051 is in standby mode, writing a 
mode byte to it will release standby mode. Figure 4 
shows the mode byte format for designating async 
mode. Figure 5 shows the mode byte format for 
designating sync mode. Bits 0 and 1 must be 00 to 
designate sync mode. Async mode is designated by ail 
other combinations of bits 0 and 1. | 


The P1, PO and L1, LO bits are common to both modes. 
Bits P1 and PO (parity) control the generation and 
checking (sending and receiving) functions. These 
parity bit functions do not operate when PO = 0. When 
P1, PO = 01, the uPD71051 generates and checks odd 
parity. When P1, PO = 11, it generates and checks even 
parity. 


Bits L1 and LO set the number of bits per character (n). 
Additional bits such as parity bits are not included in 
this number. Given n bits, the 4PD71051 receives the 
lower n bits of the 8-bit data written by the CPU. The 
upper bits (8 -n) of data that the CPU reads from the 
uUPD71051 are set to zero. 


The ST1, STO and B1, BO bits are used in async mode. 
The ST1 and STO bits determine the number of stop 
bits added by the wPD71051 during transmission. 


The B1 and BO bits determine the relationship between 
the baud rates for sending and receiving, and the 
clocks TxCLK and RxCLK. B1 and BO select a multi- 
plication rate of 1, 16, or 64 for the frequency of the 
sending and receiving clock relative to the baud rate. 
Multiplication by 1 is not normally used in async mode. 
Note that the data and clock must be synchronized on 
the sending and receiving sides when multiplication by 
1 is used. 


The SSC and EXSYNC bits are used in sync mode. The 
SSC bit determines the number of SYNC characters. 
SSC = 1 designates one SYNC character. SSC = 0 
designates two SYNC characters. The number of 
SYNC characters determined by the SSC bit are 
written to the wPD71051 immediately after writing the 
mode byte. 


The EXSYNC bit determines whether sync detection 
during receiving operations is internal or external. 
EXSYNC = 1 selects external sync detection and 
EXSYNC = 0 selects internal sync detection. 
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Figure 4. Mode Byte for Setting Asynchronous Mode 





[es [PO Party Generate/Gheck] 
Pe [o] Norenty 
refs [oda party 
Pfr [even Panty 


Fo fo | _vsemeoar | 
rofsf mn 
Pe] zen _| 
hota | 


x: don't care 
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Figure 5. Mode byte for Setting Synchronous Mode 


Parity Generate/Check 


Internally [Output] 
Externally {Input} 


Odd Parity 


Sync Characters 
2 [BSC] . 


x: don't care 
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Command Register 


Commands are issued to the uPD71051 by the CPU by 
command bytes that control the sending and receiving 
operations of the 4PD71051. A command byte is sent 
after the mode byte (in sync mode, a command byte 
may only be sent after writing SYNC characters) and 
the CPU must set C/D = 1. Figure 6 shows the 
command byte format. 


Bit EH is set to 1 when entering hunt phase to 
synchronize in sync mode. Bit RxEN should also be set 
to 1 at that time. Data reception begins when SYNC 
characters are detected and synchronization is 
achieved, thus releasing hunt phase. 


When bit SRES is set to 1, a software reset is executed, 
and the uPD71051 goes into standby mode and waits 
for a mode byte. 


Bit RTS controls the RTS output pin. RTS is low when 
the RTS bit = 1, and goes high when RTS = 0. 


Setting bit ECL to 1 clears the error flags (PE, OVE, and 
FE) in the status register. Set ECL to 1 when entering 
the hunt phase or enabling the receiver. 


Bit SBRK sends a break. When SBRK = 1, the data 
currently being sent is destroyed and the TxDATA pin 
goes low. Set SBRK = 0 to release a break. Break also 
works when TxEN = 0 (send disable). 


Bit RxEN enables and disables the receiver. RXxEN = 1 
enables the receiver and RxEN = O disables the 
receiver. Synchronization is lost if RxEN = 0 during 
sync mode. 


Bit DTR controls the DTR output pin. DTR goes low 
when the DTR bit = 1 and goes high when the DTR 
bit = 0. 


The TXEN bit enables and disables the transmitter. 
TxEN = 1 enables the transmitter and TxXEN = 0 
disables the transmitter. When TxEN = 0, sending 
stops and the TxDATA pin goes high (mark status) 
after all the currently written data is sent. 


Status Register 


The CPU can read the status of the wPD71051 at any 
time except when the wPD71051 is in standby mode. 
Status can be read after setting C/D = 1 and RD = 0. 
Status is not updated while being read. Status updating 
is delayed at least 28 clock periods after an event that 
affects the status. Figure 7 shows the format of the 
status register. 
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The TxEMP and RxRDY bits have the same meaning as 
the pins of the same name. The SYNC/BRK bit generally 
has the same meaning as the SYNC/BRK pin. In 
external synchronization mode, the status of this bit 
does not always coincide with the pin. In this case, the 
SYNC pin becomes an input and the status bit goes to 1 
when a rising edge is detected at the input. The status 
bit remains at 1 until it is read, even when the input level 
at the SYNC pin goes low. The status bit becomes 1 
when a SYNC character is input with the RxDATA 
input, even when the pin is at a low level. 


The DSR bit shows the status of the DSR input pin. The 
status bit is 1 when the DSR pin is low. 


The FE bit (framing error) becomes 1 when less than 
one stop bit is detected at the end of each data block 
during asynchronous receiving. Figure 8 shows how a 
framing error can happen. 


Figure 6. Command Byte Format 


c/B=1 


7 6 5 4 3 2 1 0 
[eH [snes [arsfect|serk | AxEN JoTR| TxEN) 


xEN]| Transmit Enable 
Disable 
Enable 


DTR |. OTR Pin Control 
| 9 | OTR=1 
Pero 


[RxEN] Receive Enable 
Po | Disabie | 


Enable 


Send Break 


TXDATA Pin 
Normal Operation 





Software Reset 
No Operation 
| 1 | Reset Operation 


EH [1}] Enter Hunt Phase 
| o | No Operation 
fa | Enter Hunt Phase 


Note: 
[1] The EH bit is effective only in SYNC mode. 
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N’ E Cc uPD71051 


The OVE bit (overrun error) becomes 71 when the CPU Framing, overrun, and parity errors do not disable the 
delays reading the received data and two new data myPD71051’s operations. All three error flags are cleared 
bytes have been received. In this case, the first data to0Oby acommand byte that sets the ECL bit to 1. 
byte received is overwritten and lost in the receive data 
buffer. Figure 9 shows how an overrun can happen. 





The TxXRDY bit becomes 1 when the transmit data 
buffer is empty. The TxRDY output pin becomes 1 
The PE bit (parity error) becomes 1 whenaparityerror whenthe transmit data buffer is empty, the CTS pin is 


occurs in a receive state. low, and TXEN = 1. Thatis, bit TxRDY = Transmit Data 
Buffer Empty, pin TxRDY = (Transmit Data Buffer 
Figure 7. Status Register Format Empty)*(CTS = 0)e(TXEN = 1). 







=P =1 Figure 8. Framing Error 


6 Si 4.3 2 1 0 
Sea at Rak) (eel ee eee 






Same as the Output Pin 1 Character = 5-bit, No Parity, 1 Stop Bit 


Function with the Same Name {1] In the break state: 


asata | ee 
\ 


Start Stop Start FE=1 
Bit Bit Bit Set because a stop bit 
should be here. 


Enter the Break State 


[2] A large frequency difference between RxCLK and TxCLK: 
Stop bit 
RxDATA _— 
BSGaG fame 
ar ee ee FE=1 
. A \ A 
A 


4 \ / ts pulse samples the stop bit. Because of 





.o4 


: 144 
Sampling | | | | | | | the frequency of RxCLK is lower than that of 
Pulse TxCLK the start bit is sampled too late 


in time. 








[3} When data is changed during transmission; [Using less 
reliable transmission circuit, etc.] 


TxDATA 
x | LU Ut | L 7 


Start Stop Start Stop Start 
Bit Bit Bit Bit Bit 


RxDATA ie dell 
x 


Bit Change Bit Bit Change 
Change 
FE=1 












DSR Inp 
Pin Stat 










ut 
le 
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Figure 9. Overrun Error 
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OVE RxRDY CPU Receive Data Buffer Receive Buffer Rx Data ] 
[Second Buffer} (First Buffer] 
0 0 Read Char 0 Char 1 


CAD — 

MLA ERIN — Chart 
= ou ee 
o 4 CT TT a4 cnera 
_ 3 CAAA AA] var 2 
o CAAA SEL ena 2 
oe ee 


Char 1 is not read by the CPU and is discarded on receipt of Char 2 
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Sending in Asynchronous Mode 


The TxDATA pin is typically in the high state (marking) 
when data is not. being sent. When the CPU writes 
transmit data to the uPD71051, the vPD71051 transfers 
the transmit data from the transmit data buffer to the 
send buffer and sends the data from the TxDATA pin 
after adding one start bit (low level) and a programmed 
stop bit. If parity is used, a parity bit is inserted between 
the character and the stop bit. Figure 10 shows the data 
format for async mode characters. Serial data is sent 
by the falling edge of the signal that divided TxCLK 
(1/1, 1/16, or 1/64). 


Figure 11. Asynchronous Transmitter Example 

ASYNTX : CALL ASYNMOD 
MOV AL, 00010001B 
OUT PCTRL,AL 
MOV BW, OFFSET TXDADR 

TXSTART : IN AL, PCTRL 
TEST1 AL, 0 
BNE TXSTART 
MOV AL, [BW] 
OUT PDATA, AL 
INC BW 
CMP AL, 00H 
BNE TXSTART 
RET 

TXDADR DB ’NEC’ 
DB 0 

ASYNMOD : MOV AL, 0 
OUT PCTRL, AL 
OUT PCTRL, AL 
OUT PCTRL, AL 
MOV AL, 01000000B 
OUT PCTRL, AL 
MOV AL, 11111010B 
OUT PCTRL, AL 
RET 


Figure 12. TxDATA Pin Output 


tot | 
— {IL 
4EH 
ww 
Start 


TxDATA Mark 


_a 
ie 


Stop 
Parity 





1A 
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When bit SBRK is set to 1, the TXDATA pin goes low 
(break status), regardiess of whether data is being 
sent. Figure 11 is a fragment of a typical program to 
send data in the async mode. Figure 12 shows the 
output from pin TXDATA. 


Figure 10. Asynchronous Mode Data Format 


No Parity D 


0 
Start 
Mark | Bit 


Data Bits 


Bit[s]} 


With Parity 


Dy Dh.1 


Start 


Mark | Bit 


Data Bits 


n=4,5,6,7 
Stop Bit = 1 bit, 1.5 bit, 2 bit 
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‘Set async mode 
;Command: clear error flag, transmit enable 


;Transmit data area 

‘Read status 

‘Wait until TxXRDY = 1 

‘Write transmit data 

;Set next data address 

;End if data =0 

‘Transmit data 4EH, 45H, 43H, 00 
;Writes control bytes three times 
;with OOH to unconditionally 
;accept the new command byte - 
;Software reset 

;Write mode byte 


;Stop bit = 2 bits, even parity 
;7 bits/character, x16 clock 





dies 
Stop 
Parity 


1 
a : 
The 
Stop 
Parity 


- | [ Stop 
Parity 
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Receiving in Asynchronous Mode 


The RxDATA pin is normally in the high state when 
data is not being received, as shown in figure 13. The 
UPD71051 detects the falling edge of a low level signal 
when a low level signal enters it. 


The uPD71051 samples the level of the RxDATA input 
(only when x16 or x64 clock is selected) in a position 
1/2 bit time after the falling edge of the RxDATA input 
to check whether this low level is a valid start bit. It is 
considered a valid start bit if a low level is detected at 
that time. If a low level is not detected, it is not regarded 
as a start bit and the wPD71051 continues testing fora 
valid start bit. 


When a start bit is detected, the sampling points of the 
data bits, parity bit (when used), and stop bit are 
decided by a bit counter. The sampling is performed by 
the rising edge of the RxCLK when an X1 clock is used. 
When a x16 or x64 clock is used, it is sampled at the 
nominal middle of RxCLK. 








Figure 13. Start Bit Detection 


RXxDATA [1] == wt. 


' Sampling 
RxDATA (2] 


t= 
| Sampling 
Bit Boundary ee a en ee 


Note: 
{1] Start bit is not recognized because R x Data is high at the sampling time. 
[2] Start is recognized because R x Data is low at the sampling time. 
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Figure 14. Asynchronous Receiver Example 


ASYNRX : ASYNMOD 


AL, 00010100B 


PCTRL,AL 


BW, OFFSET RXDADR 


RXSTART : AL, PCTRL 
AL, 1 


RXSTART 


AL, PDATA 
[BW], AL 
BW 

AL, 00H 
RXSTART 


RXDADR 256 DUP 
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Data for one character entering the receive buffer is 
transferred to the receive data buffer and causes 
RxRDY = 1, requesting that the CPU read the data. 
When the CPU reads the data, RxRDY becomes 0. 


When a valid stop bit is detected, the wPD71051 waits 
for the start bit of the next data. Ifa low level is detected 
in the stop bit, a framing error flag is set; however, the 
receiving operation continues as if the correct high 
level had been detected. A parity error flag is set if a 
parity error is detected. An overrun error flag is set 
when the CPU does not read the data in time, and the 
next receiving data is transferred to the receive data 
buffer, overwriting the unread data. The uwPD71051’s 
sending and receiving operations are not affected by 
these errors. ; 


If a low level is input to the RxDATA pin for more than 
two data blocks during a receive operation, the 
“PD71051 considers it a break state and the SYNC/BRK 
pin status becomes 1. 


In async mode, the start bit is not detected until a high 
level of more than one bit is input to the RxDATA pin 
and the receiver is enabled. Figure 14 is a fragmentofa 
typical program to receive the data sent in the previous 
async transmit example. 


;Set ASYNC mode 
;Command: clear error flag, receive 
‘enable 


;Data store area 

;Read status 

‘Wait until RxRDY = 1 

;Read and store the receive data 
;Set next store address 

;End if data =0 


;Reserve receive data area 
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Sending in Synchronous Mode 


Following the establishment of sync mode and the 
enabling of the transmitter, the TxDATA pin stays high 
until the CPU writes the first character (normally, 
SYNC characters). When data is written, the TxDATA 
pin sends one bit for each falling edge of TxCLK if the 
CTS pin is low. Unlike async mode, start and stop bits 
are not used. However, a parity bit may be set. Figure 
15 shows these data formats. 





Once sending begins, the CPU must write data to the 
uPD71051 at the same rate as that of TxCLK. If TxEMP 
goes to 1 because of a delay in writing by the CPU, the 
uPD71051 sends SYNC characters until the CPU writes 
data. TxEMP goes to 0 when data is written, and the 
data is sent as soon as transmission of SYNC characters 
stops. 


Figure 16. Synchronous Mode Transmit Timing 











No. of Sync characters = 2 [BSC] 
CcTsS=0 


SYNC Chr1 SYNC Chr2 


DataO Data 





Figure17. Issuinga Command During SYNC Character 


Transmission 


No. of Sync Characters = 1 
Data By the 71051 By the 71051 By the CPU 


eer a es ee 


Character Character Character 


TxDATA 


TxRDY j | | 
TxEMP | l 


Note: 
[1] Confirm the automatic trasmission of the SYNC 

character by the TxEMP status. 
[2] Write SYNC character data. 
[3] Confirm the beginning of SYNC character trasmission 

by the CPU by reading the status. 
[4] Write command word. 
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TxRDY | | | | | | | | | | | | | 
{Pin} 


TxEMP | | | | 


Data 2 Data 3 Data 4 


Figure 15. Synchronous Mode Data Format 
Character Data without Parity 


Ces Te Te] 


eee One Character eS | 


Character Data with Parity 


Ce T= 1 Tee Te Tae) 


[pee ee One Character with Parity [er 


n=4,5,6,7 
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uPD71051 Transmits 
Automatically 


Chr1 Chr 2 


Command 


Data5 Data 6 TxEN =0 
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Automatic transmission of SYNC characters begins 
after the CPU sends new data. SYNC characters are 
not automatically sent by enabling the transmitter. 
Figure 16 shows these timing sequences. 


If a command is sent to the wPD71051 while SYNC 
characters are automatically being sent and TxXEMP = 
1, the wPD71051 may interpret the command as a data 


yuPD71051 


byte and transmit it as data. Ifa command must be sent 
under these conditions, the CPU should send a SYNC 
character to the wPD71051 and send the command 
while the SYNC character is being transmitted. This is 
shown in figure 17. 


Figure 18 is a fragment of a typical program for sending 
in sync mode. 


Figure 18. Synchronous Transmitter Example 








SYNMOD ;Set sync mode 


































MOV AL, 00010001B ;Command; clear error 
OUT PCTRL, AL ;flags, transmit enable 
MOV BW, OFFSET TXDADR ;Start location of data area TxDADR 
MOV CL, LDLEN ;Set number of bytes (LDLEN) to be transmitted 
MOV CH, 00H 
TXLEN : IN AL, PCTRL ; Transmit the length byte 
TEST1 AL, 0 
BZ TXLEN 
MOV AL, LDLEN 
OUT PDATA, AL 
TXDATA: IN AL, PCTRL 
TEST1 AL, 0 
BZ TXDATA ;Transmit the number of 
MOV AL, (BW) ;bytes specified by LDLEN 
OUT PDATA, AL 
INC BW 
DBNZ TXDATA 
MOV AL, 00010000B ;Command; clear error 
OUT PCTRL, AL :flags, transmit disable 
RET 
SYNC1 DB ? ;SYNC character 1 
SYNC2 DB ? ;SYNC character 2 
LDLEN DB ? ;transmit data count 
TXDADR DB 255 DUP (7?) transmit data 
SYNMOD : MOV AL, 00H 
OUT PCTRL, AL ;Write control bytes 
OUT PCTRL, AL :three times with 00H to 
OUT PCTRL, AL sunconditionally accept the new 
;command byte 
MOV AL, 01000000B ;Software reset 
OUT PCTRL, AL 
MOV AL, 00111100B ;Write mode byte: 2 SYNC 
OUT PCTRL, AL scharacters, internal sync detect, 
;even parity, 8 bits/character 
MOV AL, SYNC1 
OUT PCTRL, AL ;Write SYNC characters 
MOV AL, SYNC2 









PCTRL, AL 
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Receiving in Synchronous Mode 


In order to receive in sync mode, synchronization must 
be established with the sending side. The first command 
after setting sync mode and writing the SYNC character 
must be EH = 1, ECL = 1, and RxEN = 1. When hunt 
phase is entered all the bits in the receive buffer are set 
to 1. In internal synchronization, data on the RxDATA 
pin is input to the receive buffer for each rising edge of 
RxCLK and is compared with the SYNC character at 
the same time. Figure 19 shows this internal sync 
detection. 


When the receive buffer and the SYNC character 
coincide, and parity is not used, the wPD71051 ends 
hunt phase and SYNC is set to 1 in the center of the last 
SYNC bit. When parity is used, SYNC becomes 1 in the 
center of the parity bit. Receiving starts with the bit 
which follows the bit when SYNC is set to 1. 


In external sync detection, synchronization is achieved 
by setting the SYNC pin high from an external circuit 
for at least one period of RxCLK. Hunt phase ends, and 
data reception can start. At this time, the SYNC status 





Figure 19. Internal Sync Detection Example 


bit becomes 1, and goes to 0 when the status is read. 
The SYNC status bit is set to 1 when the SYNC input 
has a rising edge followed by a high level of more than 
one period of RxCLK, even after synchronization is 
achieved. 


The uPD71051 can regain lost synchronization anytime 
by issuing an enter hunt phase command. 


After synchronization, the SYNC character is compared 
with each character regardless of whether internal or 
external synchronization is used. When the characters 
coincide, SYNC becomes 1, indicating that a SYNC 
character has been received. SYNC (SYNC status bit 
only in external detection) becomes 0 when the status 
is read. ; 


Overrun and parity errors are checked the same way as 
in async mode, affecting only the status flag. Parity 
checking is not performed in the hunt phase. Figure 20 
is a fragment of a typical program that receives the data 
sent by the previous sync transmit program example. 
Note that the frequencies of TxCLK on the transmitter 
and RxCLK on the receiver must be the same. 





5-bit Character, No Parity, 2 Sync Characters 
Sync Character 1 = 01100B, Sync Character 2 = 11001B 


Syne Character 1 


Sync Character 2 


All bits are set to 1 by 
EH = 1. 








CPU Operation 
SYNC 
Command EH=1 o 


LsB MSB LSB MSB 
L “O ~@ wu T ~ @® 


Receive Buffer 


RxDATA Input 


12 


RxEN=1 
ECL=1 


Read Status 
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Cleared by Status Read 


Note: 


X: don’t care 


Since the character is 5 bits, part 1 of the sync character register [lower 
five bits} is valid and part 2 doesn’t matter. Similarly, in the receive 
buffer, part 3 is valid and part 4 is not used. SYNC = 1 when part 1 = 3. 
With parity, the LSB of part 4 is the parity bit, but itis not compared with 


the SYNC character. 


r Sync Character 1 


- Sync Character 2 


Data 
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Figure 20. Synchronous Receiver Example 


SYNMOD 
AL, 10010100B 
PCTRL, AL 


YPD71051 


;Set sync mode 
;Command: enter hunt 
;phase, clear error flags, receive enable 


BW, OFFSET RXDADR _ ;Set receive data store address 


AL, PCTRL 
AL, 1 
RXLEN 
AL, DATA 
STLEN, AL 
CL, AL 


CH, 00H 


RXDATA : AL, PCTRL 
AL, 1 
RXDATA 

AL, PDATA 
[BW], AL 

BW 

RXDATA 

AL, 00000000B 
PCTRL, AL 


STLEN 2 
RXDADR 256 DUP (0) 





Standby Mode 


The vPD71051 is alow-power CMOS device. In standby 
mode, it disables the external input clocks to the inside 
circuitry (CLK, TXxCLK, and RxCLKkK), thereby con- 
suming less power. 








A hardware reset is one way to enter standby mode. 
The input of a high level to the RESET pin causes the 
uPD71051 to enter standby mode at the falling edge of 
the high level. A software reset command is the other 
way to enter standby mode. The only way to take the 
uPD71051 out of standby mode is to write a mode byte. 


In standby mode, the TXRDY, TxEMP, RxRDY, and 
SYNC/BRK pins are at low level and the TxDATA, DTS, 
and RTS pins are at high level. 


Figure 21 shows the timing for standby mode. While 
the internal standby signal is high, the external clocks 
to the vPD71051 are ignored. If data (C/D = 0) is written 
to the 4PD71051 in standby mode, the operations are 
undefined and unpredictable operation may result. 





‘Receive the number of 

sreceive data 

;Set the number of 

‘receive data to both variable and 
scounter 


;Receive and store the 
‘number of data bytes 
‘stated by the counter 


‘Command: receive disable 


‘Set number of receiver data 
‘Reserve receive data area 





Figure 21. Standby Mode Timing 
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Command 
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NEC Electronics Inc. 


Description 


The wPD71054 is a high-performance, programmable 
counter for microcomputer system timing control. 
Three 16-bit counters, each with its own clock input, 
gate input, and OUT pin, can be clocked from DC to 
8 MHz. Under software control, the u~PD71054 can gen- 
erate accurate time delays. Initialize the counter, and 
the u4PD71054 counts the delay, and interrupts the 
CPU when the task is complete. This eliminates the 
need for software timing loops. 


The wPD71054 contains three counters capable of 
binary or BCD operation. There are six programmable 
count modes. The counters operate independently and 
each can be set to a different mode. Use address lines 
Ay, Ag to select a counter and perform a read/write 
operation. 


Features 


C1 Three independent 16-bit counters 

LC) Six programmable counter modes 

C) Binary or BCD count 

LC) Multiple latch command 

1 Clock rate DC (standby mode) to 8 MHz 

1 Low-power standby mode 

0 CMOS technology 

C1) Single power supply, 5 V +10% 

CO Industrial temperature range —40 to +85°C 
DO 8 MHz and 10 MHz 


Ordering Information 


Part Number Package Type 

uPD71054C-8 24-pin plastic DIP 
C-10 
G-8 44-pin plastic QFP (P44G-80-22) 
GB-8 44-pin plastic QFP (P44GB-80-3B4) 
GB-10 
L-8 28-pin PLCC 
L-10 


§0009-1 (NECEL-139) 





uPD71054 
Programmable Timer/Counter 


Pin Configurations 


24-Pin Plastic DIP 


uPD71054 
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Note: 
[1] Do not connect any signal with pin 17. 





83-001787A 








uPD71054 





NEC 





Pin Configurations (cont) 


28-Pin PLCC (Plastic Leaded Chip Carrier) 





N 
gfe 
OM -oitw D« ‘ 
: zu aaqvuvye 
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aangdtaR FB 
RD 8 CLK1 
WR GATE1 
Vpp OUT1 
Nc (1 NC 
D7 C2 14 GND 
De LJ 3 13 GATEO 
Ds (4 12 OUTO 
nonon & FE 
TOOUdIUC 
+TrO Nr oo y 
qgqaqgqaxg 
: S) 
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Pin Identification 


Symbol Function 
D7-Do Three-state, bidirectional data bus 
CLKn Counter n clock output (n = 0-2) 
OUTn Counter n output (n = 0-2) 
GATEn Output to inhibit or trigger counter n (n = 0-2) 
GND Ground 

We Internally connected 

. Ao-Ay Select counter input 0, 1, or 2 
cs Chip select 
RD. - Read strobe 
WR Write strobe 
Vop +5V 
NC Not connected | 


Pin Functions 


D7-Do [Data Bus] 


These pins are an 8-bit three-state bidirectional data 
bus. This bus is used to program counter modes and to 
read siaius and Gout valleés. The data ous is active 
when CS = 0, and is high impedance when CS = 1. 
CLKn [Counter Clock, n = 0-2] 


These pins are the clock input that determine the count 
rate for counter n. The clock rate may be DC (standby 
mode) to 8 MHz. 

OUTn [Counter Output, n = 0-2] 


These are the output pins for counter n. A variety of 
outputs is available depending on the count mode. 
When the wPD71054 is used as an interrupt source, 
these pins can output an interrupt request signal. 
GATEn [Counter Gate, n = 0-2] 

These output pins inhibit or trigger counter n according 
to the mode selected. 

Ai, Ag [Address] 


These input pins select the counter. A;, Ap equal to 00, 
01, or 10 selects counter 0, 1, or 2, respectively. The 
control register is selected when Ay, Ag equals 11. 
These pins are normally connected to the address bus. 
CS [Chip Select] 

When the CS input = 1, all the bits of the data bus 
become high impedance. CS must be low to access the 
uPD71054. 
RD [Read Strobe] 

The RD input must be low to read data from the 
uPD71054. 

WR [Write Strobe] 


The WR input must be low to write data to the 
uPD71054. The contents of the data bus are written to 
the uwPD71054 at the rising edge of WR. 


Vpp [Power] 
+5 V. 


GND [Ground] 


Ground. 


NEC 


Block Diagram 


Data Bus 
Buffer 
[8] 


8-Bit internal Bus 


——~—Ol Read/Write 


Controller 


Control 
Register 


Note: 


uPD71054 


Counter #0 


Control 


Counter #2 


The internal architecture of counters #1 and #2 is the same as counter #0. 


Block Functions 
Data Bus Buffer 


This is an 8-bit three-state bidirectional buffer that acts 
as an interface between the wPD71054 and the system 
data bus. The data bus buffer handles control com- 
mands, the count to be written to the count register, 
count data read from the count latch, and status data 
read from the status latch. 


Read/Write Control 


This circuit decodes signals from the system bus and 
sends control signals to other blocks of the wPD71054. 
A; and Ag select one of the counters or the control 
register. A low signal on RD or WR selects a read or 


write operation. CS must be low to enable these 
operations. 


Control Register 


This is an 8-bit register into which is written the control 
command that determines the operating mode of the 
counter. Data is written to this register when the CPU 
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executes an OUT command when Aj, Ag = 11. The 
contents of this register cannot be read if the CPU 
executes an IN command when Aj, Ag = 11. However, 
the multiple latch command allows you to read the 
mode and status of each counter. 


Counter n [n = 0-2] 


A 16-bit synchronous down counter performs the 
actual count operation within the counter. You can 
preset this counter and select binary or BCD operation. 


The count register is a 16-bit register that stores the 
count when itis first written to the counter. The countis 
transferred to the down counter and a count operation 
for a specified number of counts begins. 


The 8-bit width of the internal data bus permits the 
transfer of only eight bits at a time when the count is 
written to the count register. However, when data is 
written from the count register to the down counter, all 
16 bits can be written at once. When the count is written 
to the count register while the counter is in read/write 
one byte mode, a 00H is written tothe remaining byte of 
the register. 
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The count latch normally holds the current value of the 
down counter. If the contents of the down counter 
change, the contents of the count latch also change so 
that the two values are the same. When the wPD71054 
receives a count latch command, the count latch 
latches the value of the down counter and holds it until 
the CPU can read it. When the data is read, the count 
latch returns to tracking the value of the down counter. 


When the mode specified is written to the counter, the 
lower six bits of the control register are copied to the 
lower six bits of the 8-bit status register. The remaining 
two bits show the status of the OUT pin and the null 
count flag. When the multiple latch command is sent to 
the counter, the current value of the status register is 
latched into the status latch. This data is held in. the 
latch until the CPU can read it. , 


The control logic controls each internal block according 
to the mode and the state of the CLK and GATE pins. 
The result is output to and sets the state of the OUT pin. 


Absolute Maximum Ratings 


Ta = +25°C 

Power supply voltage, Vpp —0.5 to +70 V 
Input voltage, V| —0.5 to Vpp + 0.3 V 
Output voltage, Vo —0.5 to Vpp + 0.3 V 
Operating temperature, Topy —40°C to 85°C 
Storage temperature, Ts7¢ —65°C to +150°C 
Power dissipation, PDyax 1.0 W 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 





Capacitance 

Ta = +25°C, Vop =0V 

Limits 

Parameter Symbol . Min Max Unit Test Conditions 
Input capacitance Cin 10 pF fc=1MHz 

1/0 capacitance Cio Oh. pre umeasured pins 


returned to 0 V 
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DC Characteristics 
Ta = —40°C to'+85°C, Vpp = +5 V +10% 

















; Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 
Input voltage Vip 2.20 Vpn + 0.3 = 
hiyit 
Input voltage Vit 0.5 0.8 V 
low 
Output voltage Von 0.7 Vi loy = —400 A 
high xVpp 
Output voltage VoL 0.4 Vo Ip. =2.5mA 
low 
Input leakage ILIH 10 HA Vi=Vpp 
current high 
Input leakage IIL -10 wA Vj=0V 
current low 
Output leakage = Igy 10 . wA Vo=Vpp 
current high 
Output leakage Lot —10 wA Vo=0V 
current low 
Supply current 

uPD71054 Ipp1 30. mA Normal 

lpp2 2 50 =A Stand-by mode 
uPD71054-10 lpp1 10 20. mA Normal 
Ipp2 2 50 yA Stand-by mode 
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AC Characteristics 
Ta = —40°C to +85°C, Vop = 5 V £10% 


































































































8 MHz Limits 10 MHz Limits 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Read Cycle 
Address set-up to RD | tsar 30 20 ns 
Address hold from RD f tuRA 10 0 ns 
CS set-up to RD | tscr 0 0 ns 
RD low level width ’ tRRL 150 95 ns 
Data delay from RD | toro 120 85 ns C, = 150 pF 
Data float from RD f trrD 10 85 10 65 ns C, = 20 pF; Ri =2ko 
Data delay from address tpap 220 185 ns C, = 150 pF 
Read recovery time try 200 165 ns 
Write Cycle 
Address set-up to WR | tsaw 0 0 ns 
Address hold from WR f tuwa 0 0 ns 
CS set-up to WR | tscw 0 0 ns 
WR low level width Aga 160 95 ns : 
Data set-up to WR f tspw 120 95 ns Mos 
Data hold from WR T tuwo 0 0 ns 
Write recovery time try 200 165 ns 
CLK and Gate Timing poe ee 
CLK cycle time teyK 125 DC 100 DC ns 
CLK high level width tKKH 60 30 ns 
CLK low level width tkKKL 60 45 ns 
CLK rise time tkr 25 25 ns 
CLK fail time tkr 25 25 ns 
GATE high level width tecu 50 50 ns 
GATE low level width tecL 50 50 ns 
GATE set-up to CLK f tscx 50 40 ns 
GATE hold from CLK f tuk 50 50 ns 
Clock delay from WR t towk 100 40 ns ty = 125 ns 
(Fount eranstet) 225 — tkKKH 40 ns tkxH = 125ns 
Clock set-up to WR f (latch) tskw 85 60 ns 
GATE delay from WR ft tpwe 0 0 ns 
OUT delay from GATE | tpeo 120 100 ns Cy, = 150 pF 
OUT delay from CLK | toko 150 100 ns C, = 150 pF 
OUT delay from WR f (initial out) tpwo 295 240 ns GC. = 150 pF 
Notes: 


(1) AC timing test points for output Voy = 2.2 V, Vo, =0.8V 
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Timing Waveforms 





AC Test Input Read Cycle 
2.2V 
ee =~ Test Points ——* 
a 08V 0.8V 


83-000766A 


CLK and GATE Timing 


83-001788A 

















83-001789A 








tpwo 


Note: 


{1} The last 1 byte of count number writing. 
{2] Count latch command or multiple latch command. 


83-000773A 


83-000772A 
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uPD71054 System Configuration Example 


The CPU views the three counters and the control 
register as four I/O ports. A; and Ao are connected to 
the A; and Ao pins of the system address bus. CS is 
generated by decoding the address and iO0/MEM 
signals so that CS goes low when the address busis set 
to the target I/O address and |/O is selected. These 
connections are shown in figure. 1. 


You can use the wPD71054 in memory-mapped 1|/O 
configurations. However, the decoding should be such 
that CS goes low when memory is selected. 


Programming and Reading the Counter 


The counter must be programmed and the operating 
mode specified before you can use the uwPD71054. 
Once a mode has been selected for a counter, it 
operates in that mode until another mode is set. The 
count is written to the count register and when that 
data is transferred to the down counter, a new count 
operation begins. The current count and status can be 
read while the counter is in operation. Figure 2 outlines 
the steps of operation. 


Programming the Counter 


TheyPD71054 is controlled by a microcomputer program. 
The program must write a control command to set the 
counter mode and write the count data that determines 
the length of the count operation. Table + shows the 
values for A; and Ag that determine the target counter 
for write operations. , 








Table 1. Write Operations (CS = 0, RD = 1, WR = 0) 
A, Ag Write Target 
0 0 Counter 0 
0 1 Counter 1 
1 0 Counter 2 
1 1 


Control word register 


Control and Mode Setting 


The control command must be written to set the 
counter mode before operating the counter. If a write 
operation is performed when Aj, Ag = 11, a control 
command is written to the control register. Figure 3 
shows the format of the 8-bit control command. 


Bits SC1 and SCO specify a counter or the multiple 
latch command. When a counter is chosen, the spec- 
ifications described below apply to the counter. 
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Bits RMW1 and. RMW2 specify the read/write operation 
to the counter or select the count latch command. 


Bits CM2, CM1, and CMO set the counter mode (Oto 5). 


Bit BCD selects binary or BCD operation. The count 
may be 0 to FFFFH in binary mode or 0 to 9999 in BCD. 


Ifa control command written to the counter specifies a 
mode, the lower six bits of the control command are 
copied to the lower six bits of the status register of the 
counter selected by SC1 and SCO. The mode selected 
remains in effect until a new modeis set. This is not true 
if the control command specifies the count latch or 
multiple latch command. 


Writing the Count 


The countis written to the counter after the mode is set. 
Set A;, Ao to specify the target counter as shown in 
table 1. Anew count can be written to a counter at any 
time, but the read/write mode selected (when the mode 
was written) must be used when writing the count. 


In high 1-byte and low 1-byte modes only, the higher or 
lower byte of the count register is written by the first 
write. The write operation ends and OOH is automatically 
written to the remaining byte by the wPD71054. In the 
2-byte modes, the lower byte is written by the first write 
and the higher byte by the second. 


For example, if the 2-byte count 8801H is written toa 
counter set in lower 1-byte mode, the lower byte (01H) 
is written first, followed by the higher byte (88H). 
Therefore, the data written to the count register is 
0001H for the first write and 0088H for the second. This 
is shown in Table 2. 


Table 2. Read/Write Mode and Count Write 








No. of Count Register 
Read/Write Mode Writes Higher Byte Lower Byte 
Low 1-byte 1 00H nnH 
High 1-byte 1 nnH 00H 
Low/High 2-byte 2 nnH nnH 
(2nd write) (1st write) 


nnH = Two-digit hexadecimal value 


Reading the Counter 


The following three methods allow you to read the 
contents of the down counter during operation. In 
particular, the multiple latch command reads the 
current count data and the counter mode or the state of 
the OUT pin. Table 3 shows the values of A;, Ag used to 
select the counter to be read. 





vPD71054 





Figure 1. Typical System Configuration Figure 2. Basic Operating Procedure 


uPD71054 


Decoder 


OUT Instruction 
83-000802A 


IN Instruction 
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Figure 3. Control Register Format 


D7 Ds Ds Ds D3 Do Dy Do 
[ser] sco Jrwna]awwo] cwa [owt [emo] eco] 
i es ee es 


Binary Count (16 Bits] 
BCD Count (4 Digits} 


xX: Don't Care 
Note: 


[1] CS =0, RD = 0, WR=1 
[2] See: Reading the Counter 
83-000804B 
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Table 3. Read Operations (CS = 0, RD = 0, WR = 1) 














Ay Ag Read Target 
0 0 Counter 0 
0 1 Counter 1 
1 0 Counter 2 


Directly Reading the Counter 


You can read the current value of the counter by 
reading the counter selected by Aj, Ag as shown in 
table 3. This involves reading the count latch; since the 
value of the down counter may change while the the 
count latch is read, this method may not provide an 
accurate reading. You must control the CLK or GATE 
input to stop the counter and read it for a correct 
reading. 


Using the Count Latch Command 


When the count latch command is executed, the 
current counter value is latched into the counter latch. 
This value is held by the latch until it is read or until a 
new mode is set. This provides an accurate reading of 
the counter value when the command is executed 
without affecting counter operation. Figure 4 shows 
the format for the count latch command. 


If the counter value that was latched into the count 
latch is not read before a second count latch command 
is executed, the second command is ignored. This is 
because the counter value latched by the first command 
is held until it is read or until a new mode is set. When 
the data in the count latch is read, the latch is released 
and continues tracking the value of the down counter. 


Using the Multiple Latch Command 


When the multiple latch command is received, the 
counter value and status register for any counter may 
be selectively latched into the count latch and status 
latch. Bits D;-Ds of the multiple latch command specify 
the counter latching. The CPU can then read the status 
and counter value for the selected counter. Figure 5 
shows the format for this command. 


Bits CNT2, CNT1, and CNTO correspond to counters 2, 
1, and 0. The command is executed for all counters 
whose corresponding bit is 1. This allows the data for 
more than one counter to be latched by a single count 
latch command. 


When the count bit is 0, the counter value of the 
selected counters is latched into the count latches. 
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When the status bit is 0, the status of the selected 
counters is latched into the status latches. Bits D5-Do 
of the status register show the mode status of the 
counter. The output bit (D7) shows the state of the OUT 
pin of that counter. These bits are shown in figure 6. 
The null count bit (Dg) indicates whether the count 
data is valid. When the count is transferred from the 
count register to the down counter, this bit changes to 
0 to show that the data is valid. Table 4 shows how the 
null count flag operates. 


Table 4. Null Count Flag Operation 











Operation Null Count Flag 
Write control word for mode set 1 

Write count to count register(1) 1 
Transfer count from count register to down counter 0 

Note: 


(1) When 2-byte mode is selected, the flag becomes 1 when the 
second byte is written. 


Figure 4. Control Register Format for Count Latch 
Command 


To | 0 | Countereo 
Ho [1 | counteres 


Tso J eounteree | 
Tf mtn tater Command | 


Note: 


When bits SC1 and SCO are 11, the command is not the count 
latch commang; it is the multiple tatch command. 
83-000805A 


Figure 5. Control Register Format for Multiple Latch 
Command 


D7 Deg Ds Da D3 D2 D1 Do 
[1 Eeount|starus]owrifewrifonre 


0 | Counter # 0 Not Selected 
1 | Counter # 0 Selected 


Jo | Counter # 1 Not Selected 
Counter # 1 Selected 


Counter # 2 Not Selected 
Counter # 2 Selected 


Do Not Latch Status 


Latch Count 
Do Not Latch Count 


83-000806A 
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{if the data that was latched is not read before a second 
multiple latch command is executed, the second command 
is ignored.for those latches whose contents have not 
been read. This is because the data latched by the first 
command is held until it is read or until anew mode is 
set. When the data in the latch is read, the latch is 
released. See figure 7. 


It is possible to latch both the count and status using 
two multiple latch commands. However, regardless of 
which data is latched first, the status is always read 
first. The count data is read by the next read operation 
(1- or 2-step read as determined by read/write mode). If 
additional read commands are received, the count data 
that has not been latched (the contents of the down 
counter as reflected by the current counter value) is 
read. 


Read operations must be performed in accordance 
with read/write mode. In 2-byte mode, two bytes of 
data must always be read. This does not imply that the 
second byte must be read immediately after the first; 
other counter operations may be performed between 
the two reads. For example, you could read the lower 
byte, write a new lower byte, read the higher byte, and 
write a new higher byte. 


Definitions 


CLK pulse refers to the time from the rising to the 
falling edge of the CLKn input. 


: Trigger refers to the rising edge of the GATEn input. 


The GATEn input is sampled at each rising edge of the 
CLKninput. The GATE input can be level or rising edge 
sensitive. In the latter case, counter n’s internal flip-flop 
is set at the rising edge of the GATE signal, sensed at 
the rising edge of the next CLK pulse, and reset 
immediately. This allows edge-triggering to be sensed 
whenever it occurs. 


Figure 6. Status Data 


These bits show the mode 
setting of the counter. Each 
bit corresponds to that of the 


control register. 


Count Data Valid 
Count Data Invalid 


OUT Pin Low 
OUT Pin High 
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Initial OUT refers to the state of the OUT pin immediately 
after the mode is set.’ 


Count transfer refers to the transfer from the count 
register to the down counter. The down counter is 
decremented at the falling edge of the CLK pulse. 


Count zero is the state of the down counter when the 
counter is decremented to zero. 


PCNTO, PCNT1, and PCNT2 are the !/O ports for 
counters 0, 1, and 2, respectively. PCTRL is the I/O port 
for the control command. 


CW is the contro! command. 
HB is the higher byte of the count. 
LB is the lower byte of the count. 


In the timing charts for each counter mode, counter 0 is 
in the read/write 1-byte and binary count mode. When 
no GATE signal appears in the charts, assume a high 
level signal. The value shown below the OUT signal is 
the counter value. The maximum value that can be set 
for the countin each mode is 0. When this value is set, a 
maximum value of 10000H (hexadecimal count) or 
10000 (BCD count) is obtained. 


Figure 7. Multiple Latch Command Execution 
Example 


Latch Condition 


[Counter 0_| Counters | Counter] 
[Couni}Status | Countfstatus | Countstatus | 


ee) eo) fede) Paes) 


Latch Count and * Latched Count 


Status of Counters fe [ ¢] of Counter 0 


Ignored 


Read Count and 
Status of 
Counter 0 


Command to 
Latch Status 
of Counter - 
1 Ignored 


Latch Status and 
Count of Counters 


Latch Count and = x * * * * 
0, 1, and 2 : Ignored 
© Latch Released 


® Latched 
* Command Ignored 


83-000808A 
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Counter Modes 


Mode 0: Interrupt on End of Count. In this mode, the 
OUT output changes from low to high level when the 
end of the specified count is reached. See table 5 and 
figure 8. 


Table 5. Mode 0 Operation 











Function Result 

Initial OUT Low level 

GATE High Count enable 

GATE Low Count disable 

Count Write The OUT pin goes low independent of the CLK pulse. 
In 2-byte mode, the count is disabled when the first 
byte is written. The OUT pin goes low. OUT goes low 
when a new mode or new count is written. 

Count When the count is written with GATE high: 

Transfer Transfer is performed at the first CLK pulse after the 

and count value is written. The down counter is decre- 

Operation mented beginning at the first CLK pulse after data 
transfer. Ifa count of nis set, the OUT pin goes high 
after n + 1 CLK pulses. 
When the count is written with GATE low: 
Transfer is performed at the first CLK pulse after the 
count is written. The down counter is decremented 
beginning at the first CLK pulse after the GATE 
signal goes high. If acount of nis set, OUT is low for 
a period of n CLK pulses after GATE goes high. 

Count Zero The signal at the OUT pin goes high. The count 


operation does not stop and counts down to FFFFH 
(hexadecimal) or 9999 (BCD) and continues to count 
down. 





Minimum Count 


{ 
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Mode 0 Program Example. This subroutine causes a 
delay of 10004 (decimal, or 2710H) CLK pulses. In this 
program, counter 2 is set to 2-byte mode and binary 
count. See figure 9. 


SUBRO: MOV AL,101100008 -set mode: counter 2, 


:2-byte mode, 


OUT PCTRL,AL ‘count mode 0, binary 


MOV AL,10H 

OUT PCNT2,AL 

MOV AL,27H swrite count 10000 (decimal) 
OUT PCNT2,AL 

RET 


Mode 1: GATE Retriggerable One-Shot. In mode 1, the 
uPD71054 functions as a retriggerable one-shot. A 
low-level pulse triggered by the GATE input is output 
from the OUT pin. See table 6 and figure 10. 


Table 6. Mode 1 Operation 





Function Result 

Initial OUT High level 

GATE Trigger(1) Count data is transferred at the CLK pulse after the 
trigger. 

Count Write The count is written without affecting the current 
operation. 

Count Transfer is performed at the first CLK pulse after the 

Transfer and _ trigger. Atthe same time, the signal at the OUT pin goes 

Operation low to start the one-shot pulse operation. The count is 
decremented beginning at the next CLK pulse. If a count 
of n is set, the one-shot output from the OUT pin 
continues for n CLK pulses. 

Count Zero The signal at the OUT pin becomes high. Count oper- 


ation does not stop and wraps to FFFFH (hexadecimal) 
or 9999 (BCD) and continues to count. 








Minimum Count 1 





Note: 


(1) The trigger is ignored when the count has not been written after 
the mode is set, or when only one byte of the count has been 
written in 2-byte count mode. 
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Figure 8. Mode 0 Timing Chart 


LB=3 LB=2 








WR 


CW = 10H 
OuTO 


Count Value n n-1 n-2 | 0003H | 0002H 0001H | 0000H | FFFFH | FFFEH |FFFDH 0002H 


LB=3 LB=4 


WR 


OUTO 


Count Value 


WR 


GATEO 





OUTO 


Count Value 
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Figure 9. Mode 0 Program Example Timing Chart 


CW=B0H LB=10H  HB=27H 
WR 


GATE2 
OUT2 





Count Value n—4 | 2710H | 270FH 0001H | 0000H FFFFH | 
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CLKO 


WR 





GATEO 


OUTO 


Count Value 


WR 


GATEO 


OUTO 


Count Vaiue 
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Mode 1 Program Example. This subroutine waits until Table 7. Mode 2 Operation 
no trigger is generated for an interval of 200 or more Fuacton Result 
CLK pulses after the first gate trigger and returns to the — 

main program. Counter 1 is set to low-byte read/write Initial OUT Mlptleyel 
mode and binary count. See figure 11. GATE High — Count enable 


GATE Low Count disabled. If GATE goes low when OUT is low, OUT 
will go high (independent of the CLK pulse). 

















SUBR1: MOV AL,01010010B_ ;set mode: counter 1, low-byte : P 
OUT  PCTRLAL ‘eadiwiiemiode count nadet ae held is performed at the first CLK pulse after the 
MOV AL,200 sbinary acl NR 
OUT ~=PCNT1,AL ;write low byte of count Count Write Count is written without affecting the current 
; operation. 
FSTTRG: MOV — AL,11100100B multiple latch command: Count Transfer is performed at the CLK pulse after the count 
counter 1, Transfer and is ‘written following the mode setting. The counter is 
OUT = -PCNTT,AL Status Operation then decremented. Transfer is again performed at the 
IN AL,PCNT! hs ; ; first CLK pulse after the count becomes 1. When the 
TEST! AL,7 . 3 wait for first trigger trigger is used, transfer is performed at the next CLK 
BNZ _-FSTTRG pulse. When the contents of the down counter becomes 


1, OUT goes low for one CLK pulse and returns to high. If 


WAIT: MOV AL,11100100B = ;multiple latch command: a count of n is set, OUT repeats this sequence every n 





counter 1, 
OUT PCTRL,AL status PER pulses: 
IN AL,PCNT1 Count Zero Never occurs in this mode. 
TEST1 AL,7 ;wait until output goes high ini 
BZ WAIT ae on 
RET 
Note: 


(1) The trigger is ignored when the count has not been written or 


Mode 2: Rate Generator. In mode 2, the signal from the when only one byte of the count has been written in 2-byte mode. 


OUT pin cyclically goes low for one clock period when | 
the counter reaches 0001H. The counter operates as a 
frequency divider. See table 7 and figure 12. 


Figure 11. Mode 1 Program Example Timing Chart EI 














Number of CLK Pulses + 200 > 


GATE1 [] {] [] [] 


Subroutine Start Return to Main Program 


ad 80 > 
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Figure 12. Mode 2 Operation Timing Chart 


exe Ll ff ee eee eA ea 
wa [ef 
WR 
GATEO | | 














OUTO 
Count Value | n | n-1 | 0003H | 0002H | 0001H | 0003H | 0002H | 0001H | 0003H | 0002H | 0002H | 0003H | 0002H | 0001H 
—— LB=6 LB=4 
WR 





OUTO 
Count Value | n | n-1 | 0006H | 0005H | 0004H | 0003H | 0002H | 0001H | 0004H | 0003H | 0002H 


83-000813B 
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Mode 2 Program Example. This subroutine generates 
an interrupt to the CPU each time 10000 (decimal) 
clock pulses elapse. Counter 0 is in 2-byte mode and 
binary counting. See figure 13. 


SUBR3: “MOV AL,00110100B 
OUT PCTRL,AL 
MOV AL,10H 
OUT PCNTO,AL 
MOV AL,27H 
OUT PCNTO,AL 
RET 


;mode setting: counter 0, 2-byte 
;mode, count mode 2, binary 


‘write count 10000 (decimal) 


Mode 3: Square Wave Generator. Mode 3 is a frequency 
divider similar to mode 2, but with a different duty 
cycle. See table 8 and figure 14. 


Figure 13. Mode 2 Configuration 
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Figure 14. Mode 3 Timing Chart 
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Table 8. Mode 3 Operation 


Function Result 

Initial OUT High level 

GATE High Count enable 

GATE Low Count disable. If GATE goes low when OUT is low, 
OUT will go high (independent of the CLK pulse). 

GATE Trigger(1) Transfer is performed at the first CLK pulse after the 

"trigger. , 

Count Write Current operation is not affected.. The count is 
transferred at the end of the half-period of the 
current square wave and the OUT pin goes high. 

Count Count data is transferred at the first CLK pulse after 

Transfer the count write following the mode setting. Transfer 


and Operation is performed at the end of the current half-cycle and 
the OUT pin is inverted. Transfer is also performed 
at the CLK pulse after the trigger. The operation 
performed depends on whether count n is even or 
odd. When n is even, the count is decremented by 
two on each following clock pulse. At the end of the 
count of two, the count is again transferred and the 
OUT pinis inverted. This is taken as a half-cycle and 
repeated. When n is odd, n — 1 is transferred and 
the count is decremented by two on each follow- 
ing clock pulse. The half-cycle when the OUT pin 
is high continues until the end of count 0 and 
n— 1 is transferred again at the next CLK pulse. 
The half-cycle while OUT is low continues until 
the end of count 2. Thus, the half-cycle while 
OUT is high is one CLK longer than the half- 


cycle while OUT is low. 
Count Zero Occurs only when the count is odd. 


Minimum Count 3 


Note: 


(1) The trigger is ignored when the count has not been written after 
the mode is set or when only one byte of count has been written in 
2-byte mode. 


OUTO | | | 


Count Value | n | n-1 


| 0004H | 0002H |: 0004H | 0002H | 0004H | 0002H | 0004H | 0004H | 0004H 


OUTO | | | 


Count Value | n | n-1 
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| 0004H | 0002H | 0000H | 0004H | 0002H | 0004H | 0002H | 0000H | 0004H 
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Mode 3 Program Example. This subroutine divides the 
input CLK frequency (5.0688 MHz) by 264 to get a 
19,200 Hz clock. Counter 2 is in 2-byte binary mode. 
See figure 15. 


SUBR4: MOV AL,10110110B — ;mode setting: counter 2, 2-byte 
OUT PCTRL,AL ;mode, count mode 3, binary 
MOV AL,08H 
OUT PCNT2,AL ° 
MOV A,01H :264 frequency division 
OUT PCNT2,AL 
RET 


Figure 15. Frequency Division 
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¢’ [19200 Hz] 


[5.0688 MHz] ——»] CLK2 





Figure 16. Mode 4 Timing Chart 
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Mode 4: Software-Triggered Strobe. In mode 4, when 
the specified count is reached, OUT goes low for one 
CLK pulse. See table 9 and figure 16. 


Table 9. Mode 4 Operation 


Function Result 
Initial OUT High level 
GATE High Count enable 
GATE Low Count disable 
Count Write Count is transferred at the next CLK pulse when the 
count is written. In 2-byte mode, data is transferred 
after the second byte is written. 
Count Count is transferred at the first CLK following the 
Transfer count write. If GATE is high, the down counter begins 
and to decrement from the next CLK. If GATE is low, 
Operation decrement begins at the first CLK after GATE goes 
high. 
Count Zero OUT is low for one CLK pulse and returns to high. The 


down counter wraps to FFFFH (hexadecimal) or 9999 
(BCD) without stopping counter operation. 


Minimum Count 1 


wa LB=4 


OUTO : 
Count Value | n | n-1 | 0004H | 0003H | 0002H | 0001H | 0000H | FFFFH | FFFEH | FFFDH| FFFCH 


Wa LB=4 


pace LB=5 
WR 


GATEO oe 


OUTO D. a 
Count Value | n | n-1 | 0004H | 0004H | 0004H | 0003H | 0002H | 0001H | GOOOH | FFFFH | FFFEH 


LB=3 


OUTO 
Count Value | n | n-1 | 000S5H | 0004H | 0003H | 0002H | 0003H | 0002H | 0001H | 0000H | FFFFH 
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Figure 17. Mode 5 Timing Chart 


NEC 








OuTO 


Count Value 





WR 
GATEO 


OUTO 


Count Value | n | n-1 | o004H | o003H | o002H | coo1H | oo00H | FFFFH|FFFEH | oo03H | ooo2H 
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Mode 5: Hardware-Triggered Strobe [Retriggerable]. 
Mode 5 is similar to mode 4 except that operation is 
triggered by the GATE input and can be retriggered. 
See table 10 and figure 17. 


Table 10. Mode 5 Operation 





Function Result 

Initial OUT High level 

GATE Trigger(1) The count is transferred at the CLK pulse after the 
trigger. The GATE has no effect on the OUT signal. 

Count Write The count is written without affecting the current 
operation. 

Count Count is transferred at the first CLK pulse after a 

Transfer trigger, providing that the mode and count have 


and been written. Decrement begins from the first CLK 


Operation pulse after a data transfer. If a count of nis set, OUT 
goes low forn +1 CLK pulses after the trigger. 
Count Zero OUT is low for one CLK and.goes high again. The 


down counter counts to FFFFH (hexadecimal) or 
9999 (BCD) without stopping the counter operation. 


Minimum Count 1 
Note: 


(1) The trigger is ignored when the count has not been written after 
the mode is set or when only one byte has been written in 2-byte 
mode. 
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~ SUBRS: MOV AL,00011010B 


Mode 5 Program Example. Use mode 5 to add a 
fail-safe function to an interface. For example, the 
receiving equipment requests data by issuing a REQ 
signal to the sending equipment. The sending equip- 
ment responds by outputting data to the data bus and 
returning aSEND signal to the receiving equipment. In 
this type of system, if a malfunction exists in the 
sending equipment and no SEND signal is sent, the 
receiving equipment waits indefinitely for the SEND 
signal and system operation stops. The following 
subroutine remedies this situation. If no SEND signal is 
output within a given period (50 CLK cycles in this 
example) after the REQ signal is output, the system 
assumes the sending equipment is malfunctioning and 
a FAIL signal is sent to the receiving equipment. 














;mode setting: counter 0, low 
:1-byte 


OUT PCTRL,AL ;mode, count mode 5, binary 


MOV AL,50 ‘set interval: 50 CLK pulses 
OUT PCNTO,AL 
RET - 

Figure 18. Interface Fail-safe Example 
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NEC Electronics Inc. 


Description 


The uPD71055 is a low-power CMOS programmable 
parallel interface unit for use in microcomputer systems. 
Typically, the unit’s three I/O ports interface peripheral 
devices to the system bus. 


Features 


Three 8-bit I/O ports 

Three programmable operation modes 

Bit manipulation command 

Microcomputer compatible 

CMOS technology 

Single +5 V +10% power supply 

Industrial temperature range: —40 to +85°C 
8 MHz and 10 MHz 


OOO000ddo 


Ordering Information 


Part Number Clock (MHz) Package 
uPD71055C-8 8 40-pin plastic DIP 
C-10 10 
G-8 8 44-pin plastic QFP 
(P44G-80-22) 
GB-8 8 44-pin plastic QFP 
GB-10 10 (P44GB-80-3B4) 
L-8 8 44-pin PLCC 
L-10 10 


Pin Configurations 


40-Pin Plastic DIP 
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50010-1 (NECEL-153) 





uPD71055 
Parallel Interface Unit 


44-Pin Plastic QFP 
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Pin Identification 


Symbol Function 

cs Chip select input 
GND Ground 

Ai. An Address inputs 1 and 0 
P07-P09 1/0 port 0, bits 7-0 
P17-P1 1/0 port 1, bits 7-0 
P27-P2y 1/0 port 2, bits.7-0 
iC Internally connected 
Vop +5 V 

D7-Do 1/0 data bus 

RESET Reset input 

WR Write strobe input 
RD Read strobe input 
NC No connection 


Pin Functions 
D7-Dp [Data Bus] 


D7-Dp make up an 8-bit, three-state, bidirectional 
data bus. The bus is connected to the system data 
bus. It is used to send commands to the wPD71055 
and to send data to and from the wPD71055. 


CS [Chip Select] 


The CS input is used to select the u4PD71055. When 
CS =0, the uPD71055 is selected and the states of the 
D7-Do pins are determined by the RD and WR inputs. 
When CS = 1, the uPD71055 is not selected and its data 
bus is high-impedance. 


RD [Read Strobe] 


The RD input is set low when data is being read from 
the uPD71055 data bus. 


WR [Write Strobe] 


The WR input shouid be set low when data is to be 
written to the w4PD71055 data bus. The contents of 
the data bus are written to the uPD71055 at the rising 
edge (low to high) of the WR signal. 


Aa, Ao [Address] 


The A; and Ag inputs are used in combination with 
the RD and WR signals to select one of the three 
ports or the command register. A; and Ag are usually 
connected to the lower two bits of the system 
address bus (table 1). 


WR [Write Strobe] 


The WR input should be set low when data is to be 
written to the wPD71055 data bus. The contents of 
the data bus are written to the uPD71055 at the rising 
edge (low to high) of the WR signal. 


A1, Ag [Address] 


The A; and Ag inputs are used in combination with 
the RD and WR signals to select one of the three 
ports or the command register. A; and Ag are usually 
connected to the lower two bits of the system 
address bus (table 1). 


























Table 1. Control Signals and Operation 
#PD71055 

cS RD WR A; Apo Operation Cperation 
0 0 1 0 60 Port 0 to data bus Input 
0 0 1 0 1 Port 1 to data bus Input 
0 0 1 1 0 Port 2 to data bus input 
0 0 1 1 1 Use prohibited 
0 0 0 X X 
0 1 0 Oo 0 Data bus to port 0 Output 
0 1. 0 0 1 Data bus to port 1 Output 
0 1 0 1 0 Data bus to port 2 Output 
0 1 0 1 1 Data bus to command 

register Output 
0 1 X X Data bus high impedance 
1 X X X X 


RESET [Reset] 


When the RESET input is high, the 4PD71055 is reset. 
The group 0 and the group 1 ports are set to mode 0 
(basic I/O port mode). All port bits are cleared to zero 
and all ports are set for input. 


P07-P09, P17-P19, P27-P29 [Ports 0, 1, 2] 

Pins P07-P09, P17-P19, and P27-P2p9 are the port 0, 1, 
and 2 1/O pins, bits 7-0, respectively. 

IC [Internally Connected] 


Pins marked IC are used internally and must be left 
unconnected. 


NEC 


Block Diagram 


vPD71055 


(dors) P2,-P2,(P2;) 
(40rd) P2,(P2,)-P2, 


z 
a 
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® 
B 
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E 














Functional Description 
Ports 0, 1, 2 


The wPD7 1055 has three 8-bit I/O ports, referred to as 
port 0, port 1, and port 2. These ports are divided into 
two groups, group 0 and group 1. The groups can bein 
one of three modes, mode 0, mode 1, and mode 2. 
Modes can be set independently for each group. 


When port 0 is in mode 0, port 0 and the four upper 
bits of port 2 belong to group 0, and port 1 and the four 
lower bits of port 2 belong to group 1. When port 0 is 
in mode 1 or 2, port 0 and the 5 upper bits of port 2 
belong to group 0 and port 1 and the three lower bits of 
port 2 belong to group 1. 


Command Register 


The host writes command words to the wPD71055 in 
this register. These commands control group 0 and 
group 1. Note that the contents of this register cannot 
be read. 
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Group 0 Control and Group 1 Control 

These blocks control the operation of group 0 and 
group 1. 

Read/Write Control 


The read/write control controls the read/write opera- 
tions for the ports and the data bus in response to the 
RD, WR, CS, and address signals. It also handles 
RESET signals and the Ao, A; address inputs. 


Data Bus Buffer 


The data bus buffer latches information going to or 
from the system data bus. 
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Absolute Maximum Ratings 
(Ta = 25°C) 


Power supply voltage, Vpp —0.5 to +7.0V 
Input voltage, V, —0.5 to Vpp + 0.3 V 
Output voltage, Vo —0.5 to Vpp + 0.3. V 
Power dissipation, PDyax 500 mw 
Operating temperature, Toot —40 to +85°C 
Storage temperature, Tet, —65 to +150°C 


Comment: These devices are not meant to be operated outside the 
limits specified above. Exposure to stresses beyond those listed in 
Absolute Maximum Ratings could cause damage. Exposure to an 
absolute maximum rating for extended periods may affect reliability. 


Capacitance 
(Ta = 25°C, Vpp = GND = 0 V) 

Limits Test 
Parameter Symbol Min Typ Max Units Conditions 
Input C 10 pF fc=1MHz 
capacitance Unmeasured 
1/O capacitance Cio 20 =o opF pins ecrnee 
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DC Characteristics 
(Ta = —40 to +85°C, Vpp = 5 V 10%) 


Limits 
Parameter Symbol Min Typ Max Units Test Conditions 
Input voltage = Viy 2.2 Vop + 0.3 V 
nigh 
Input voltage Vi, —0.5 0.8 V 
low 
Output voltage Voy 0.7 Vpp Vs lon = —400 vA 
high 
Output voltage Vo. 0.4 Vig. =2.5mA 
low 
Darlington IDAR -1.0 —4.0 mA See test 
drive current setup diagram 
Inputleakage = Inq 10 HA Vi=Vpp 
current high 
Inputleakage = {yh —10 pA Vj=0V 
current low 
Output leakage ‘Loy 10 vA Vo=Vpp 
current high 
Output leakage lo. -10 pA Vo=0V 
current low 
Supply current 
(dynamic) 
uPD71055 lpp1 10 mA Normal 
operation 
uPD71055-10 = Ipp4 5 10 mA Normal 
operation 
Supply current Ippo 2 50 uA Inputs: RESET 
(standby) =0.1V, 
others = 
Vop — 0.1 V 


Outputs: Open 


Test Setup for Iban Measurement 


For up to 8 lines chosen arbitrarily 
from ports 1 and 2 ° 
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AC Characteristics 


(Ta = —40 to +85°C, Vpp = 5 V £10%) 


Parameter 

Read Timing 

Az, Ag, CS set-up to RD | 
Az, Ao, CS hold from RD t 
RD pulse width 

Data delay from RD | 
Data float from RD f 

Read recovery time 

Write Timing 

Ay, Ag, CS set-up to WR 
Ay, Ag, CS hold from WR f 
WR pulse width 

Data set-up to WR f 

Data hold from WR t 
Write recovery time 

Other Timing 

Port set-up time to RD | 
Port hold time from RD f 
Port set-up time to STB | 
Port hold time from STB tf 
Port delay time from WR ¢ 
STB pulse width 

DAK pulse width 

Port delay time from DAK }(mode 2) 
Port float time from DAK t(mode 2) 
OBF set delay from WR t 
OBF clear delay from DAK $ 
IBF set delay from STB $ 
IBF clear delay from RD f 
INT set delay from DAK f 
INT clear delay from WR { 
INT set delay from STB f 
INT clear delay from RD { 
RESET pulse width 


Symbol 


tsar 
tHRA 
tRRL 
toro 
tFRD 
tav 


tsaw 
tHWA 
twwL 
tspw 
tuwo 
tay 


tspR 
tuRp 
tsps 
tusp 
towp 
tssi 
'DADAL 
tppaP 
tFDAP 
tpwos 
tppaoB 
tosie 
toRIB 
tppal 
tow! 
tosi 
tori 
tRESET1 


tRESET2 


160 


10 
200 


120 
100 


200 


150 


350 
300 


20 


50 


500 


8 MHz Limits 


Max 


120 
85 


350 


300 
250 
300 


300 
300 
350 
450 
300 
400 


100 
100 


150 


150 


100 
100 


20 


50 


500 


10 MHz Limits 


Max 


200 


150 
290 
150 
150 
150 
150 
150 
200 
150 
200 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
US 


ns 
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Test Conditions 


CL = 150 pF 
C, = 20 pF; RL = 2 kQ 


C, = 150 pF 


CL = 150 pF 
C, = 20 pF; R, =2ka 
C, = 150 pF 


During right after 
power-on 


During operation 
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Timing Waveforms 


AC Test Waveform Recovery Time 


2.2 
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Mode 1: Input 
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Mode 0: Output 
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Timing Waveforms (cont) 


Mode 2 


u.PD71055 DADAL u-PD71055 ——» CPU 


tppaos 
Lowos il 


tosis 


Peripheral —> ,.PD71055 ».PD71055 —> Peripheral 
49-000277A 
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uPD71055 Commands 


Two commands control ~PD71055 operation. The 
mode select command determines the operation of 
group O and group 1 ports. The bit manipulation 
command sets or resets the bits of port 2. These 
commands are executed by writing an 8-bit command 
word to the command register (A;Ap = 11). 


Mode Select 


The uPD7 1055 port groups have three modes. Modes 0 
and 1 can be specified for groups 0 and 1, but mode 2 
can only be specified for group 0. The bits of all ports 
are cleared when a mode is selected or when the 
uPD71055 is reset. 


Mode 0. Basic input/output port operation. 


Mode 1. Strobed input/output operation controlled by 
three or four bits of port 2 used as control/status 
signals. 


Mode 2. (Only available for group 0). Port 0 is the 
bidirectional I/O port and the higher 5 bits of port 2 are 
used for status and control signals. 


To specify the mode, set the command word as shown 
in figure 1 and write it to the command register. 


Bit Manipulation Command 


This command (figure 2) affects only port 2. It is mainly 
used in mode 1 and mode 2 to control the port 2 bits 
which are used as control/status signals. It is also used 
to enable and disable u.PD71055-generated interrupts 
and to set and reset port 2 general input/output pins. 


For example, to set bit 2 of port 2 to 1 (P22 = 1), set the 
command word as shown in figure 3 (05H) in the 
command register. 


Operation in Each Mode 


The operation mode for each group in the wPD71055 
can be set according to the application. Group 0 can be 
in modes 0, 1, or 2, while group 1 is in mode 0 or 1. 
Group 1 cannot be used in mode 2. 
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The RD and WR signals that appear in the descriptions 
ofeach mode refer to the port in question as addressed 
by A; and Ap. These signals only affect the port 
addressed by A; and Ag. 


Where the port addressed may not be clear, 0 or 1 is 
appended to the signal name to indicate the port. 


Mode 0 


In this mode the ports of the wPD71055 are used to 
perform basic I/O operations. Each port operates with 
a buffered input and a buffered latched output. See 
figure 4. 


Depending on the control word sent to the wPD71055 
from the system bus, ports 0, 1, and 2 can be inde- 
pendently specified for input or output. 


Input Port Operation 


While the RD signal is low, data from the port selected 
by the A;Ao signals is put on the data bus. See figure 5. 


Output Port Operation 


When the uPD71055 is written to (WR = 0), the data on 
the data bus will be latched in the port selected by the 
A;Ao signals at the rising edge of WR and output to the 
port pins (figure 6). Following the programming of 
mode 0, all outputs are at a low level. 


By reading a port which is set for output, the output 
value of the port can be obtained. 


Note: When group 0 is in mode 1 or mode 2, only bits 
P25-P29 of port 2 can be used by group 1. Bit P23 
belongs to group 0. 


Mode 0 Example 


This is an example of a CPU connected to an A/D 
converter via auzPD71055 (figure 7). Here both group 0 
and group 1 are set to mode 0 and port 2 is used to start 
conversion and detect the end of the conversion 
process. 


Figure 8 is a subroutine that reads the converted data 
from an A/D converter. 
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Figure 1. Mode Select Command Word 
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Figure 2. Bit Manipulation Command Word 


7 6 5 4 3 2 1 0 
EEE Ee ee ee ee ee | 























Command | o | Bit manipulation 
= za Mode select 
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Figure 3. Bit Manipulation Command Example 


76 5 4 3 2 1 0 
fo | xP xP «To Ts To Tt J on 
ae ELS ns aE 


Bit Don't care Specifies bit 2 Bit set 


manipulation 
Command 
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Figure 4. Mode 0 


Group 1 Mode 0 
»PD71055 


0: Output Port1 
P1,-P1, 
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0: Output Port 2 





1; Input P2,-P2, 








Group 0 Moded 
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Internal delay Internal delay Internal delay 
(RO—D,-D,) (RD—-D,-D,) (Port—>D,-Dy) 
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Figure 6. Mode 0 Output Timing 
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D,-Dy 


Port output | 


Internal delay 
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Figure 7. A/D Converter Connection Example 
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Figure 8. A/D Converter Example 


READ_A/D: AL,10011000B 


CTRLPORT,AL 


AL,00000001B 
CTRLPORT,AL 
AL,PORT2 
AL,7 
WAIT__EOC 
AL,PORTO 


WAIT__EOC: 


Mode 1 


In this mode, the control and status signals control the 
1/O data. In group 0, port 0 functions as the data port 
and the upper five bits of port 2 function as control/ 
status. In group 1, port 1 functions as the data port and 
the lower three bits of port 2 function as control/status. 


In mode 1, the bit manipulation command is used to 
write the bits of port 2. 


Group 0 Mode 1 


When group 0 is used in mode 1, the upper five bits of 
port 2 become part of group 0. Of these five bits, three 
are used for control/status and the remaining two can 
be used for !/O (using the bit manipulation command). 
See figure 9. 


Group 1 Mode 1 


When group 1 is used in mode 1, the lower three or four 
bits of port 2 become part of group 1. Of these four bits, 
three are used for control/status. The remaining bit, 
P23, can be used for I/O only if group 0 is in mode 0. 
Otherwise, P23 belongs to group 0 as a control/status 
bit. See figure 9 and table 4. 


UPD71055 


AID 
Converter 


Analog signal 
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3uPD71055 Mode Setting: 

;Group 0, group 1 in mode 0 

;Port 0 & port 2 (upper) are inputs 
;Port 1 & port 2 (lower) are outputs 


;Conversion starts by setting P29 high 
;End of conversion wait loop 
;Conversion ends when P27 = 0 


;Read A/D converted values 





Mode 1 Input Operation 


In mode 1, port 0 is the data port for group 0, and port 1 
for group 1. The control/status bits (port 2) are used as 
listed below. Figure 10 shows the signal timing. 


STB [Strobe]. The data input at port 0 is latched in port 
0 when the STBO input is brought low. The data input at 
port 1 is latched in port 1 by STB1. 


IBF [Input Buffer Full F/F]. The |BF output goes high to 
indicate that the input buffer has become full. IBF goes 
high when the STB signal goes low. IBF goes low at the 
rising edge of the RD signal when STB = 1. 





The IBF F/F is cleared when mode 1 is programmed. 


INT [Interrupt Request]. INT goes high when the data 
is latched in the input port, when RIE is 1 and STB, IBF 
and RD are all high. INT goes low at the falling edge of 
the RD signal. It can function as a data read request 
interrupt signal to a CPU. 


INT is cleared when mode 1 is programmed. 
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Figure 9. Mode 1 Input 


Command word 
Group 0 Group 1 





7 i 5 4 3 I[ 2 1 oat 


»PD71055 
0: Output 
1: Input P2;-P2, 
IBFO 








orourout, > 
? Output / nto 


STBI 
IBFi 
INT1 
Port 
input 


Port 0 
input 














RIEO and RIE1 
are controlled by bit 
manipulation command 












Bit manipulation 
Mode select 





“Note: Bit P23 is available in Group 1 only when Group 0 is Mode 0. For all other conditions 
P23 is part of Group 0. This diagram shows how bit P23 would be used if Group 1 
was in Mode 1. 
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Figure 10. Mode 1 Input Timing 


STB 
IBF 


Port input 


Port internal 
latch 





Note: If STB goes low here before IBF goes low, original contents of port latch will change. 
STB must be kept high until IBF goes low to prevent loss of date. 
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RIE [Read Interrupt Enable Flag]. RIE controls the 
interrupt output. Interrupts can be enabled by using 
the bit manipulation command to set this bit to 1, and 
disabled by resetting it to 0. This signal is internal to the 
uPD71055 and is not an output. The state of RIE does 
not affect the function of STBO or STB1, which are 
inputs to the same bits (P24 and P2,) of port 2. 








When input is specified in mode 1, the status of IBF, 
INT and RIE can be read by reading the contents of 
port 2. 


Figure 11. Mode 1 Output 


Command word 
Group 0 Group 1 
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Mode 1 Output Operation 


In mode 1 output operation (figure 11), the status/ 
control bits (port 2) are used as listed below. Figure 12 
shows the signal timing. 


OBF [Output Buffer Full F/F]. OBF goes low when data 
is received by the uPD71055 and is latched in output 
ports 1 or 0. OBF functions as a data receive flag. OBF 
goes low at the rising edge of WR when DAK = 1 (write 
complete). It goes high when the DAK signal goes low. 





I. 
poe) 


= 


7 5 4 3 
ie ee) Cs ea 
faecal 
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Figure 12. Mode 1 Output Timing 


D,-D, 


Port output 


4 _ ».PD71055 
OBFO 
DAKO 
{ 0: Output 
1: Input 
0: Output I 
1: Input INTO 
DAK1 
OBFi 
INT1 
»  Porti 
output 
Port 0 
aad output 
| o | | Modeo | 0 
he WIEO and WIiE1 
| 1 | Modet _| are controlled by 
manipulation command 
Command ) 0 | Bit manipulation 
select { 1 | Modeselect 





*Note: Bit P23 is available in Group 1 only when Group 0 is Mode 0. For all other conditions 
P23 is part of Group 0. This diagram shows how bit P23 would be used if Group 1 
was in Mode 1. 
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Note: If data is written to the «PD71055 betore OBF goes high the original contents of the 
port latch will change. Data must not be written while OBF is low to prevent loss of data 
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DAK [Data Acknowledge]. When this input is low, it 
signals the 4PD71055 that output port data has been 
taken from the 71055. 


INT {Interrupt Request]. INT goes high when the 
output data is taken when WIE is set to 1.and WR, OBF 
and DAK are all high. It goes low at the falling edge ot 
the WR signal. INT therefore functions as a write 
request signal, indicating that new data should be 
sent to the uwPD71055. 


WIE [Write Interrupt Enable Flag]. WIE controls the 
interrupt output. Interrupts can be enabled by using 
the bit manipulation command to set this bit to 1 and 
disabled by resetting it to 0. This signal is internal to the 
uPD71055 and is not an output. The state of WIE does 
not affect the function of DAK addressed to the same 
bits of port 2. 


When output is specified in mode 1, the status of OBF, 
INT and WIE can be obtained by reading the contents 
of port 2. 


Table 2 shows a summary of these signals. 


Figure 13. Connection to Printer 
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Table 2. Functions of Port 2 Bits in Mode 1 
Group Bit Data Input Data Output — 
INT1 (Interrupt request) INT1 (Interrupt request) 


P25  STB1 (Strobe input) DAK1 (Data acknowledge 


input) 
RIE1 (Read interrupt WIE1 (Write interrupt 
enable flag) — enable flag) 
P23 ‘1/0 (Note) 1/0 (Note) 


INTO (Interrupt request) INTO (Interrupt request) 


P24 STBO (Strobe input) 1/0 
RIEO (Read interrupt 


enable flag) 
P25 _IBFO (Input buffer 1/0 
full f/f) 
P2g 1/0 DAKO (Data acknowledge 
input) 
WIEO (Write interrupt enable 
flag) 
P27 =‘1/0 OBFO (Output buffer full f/f) 


Note: Can be used with group 1 only when group 0 is set to mode 0. 


In other modes, P23 belongs to group 0. 
Mode 1 Example 


This example (figure 13) demonstrates connecting 
a printer to the vPD71055. Group 0 is used in mode 1 
output. Group 1 can operate in mode 0 or 1; in this 
example it is set to mode 0. 
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One-shot delay 
> STROBE 


ACK 
BUSY 
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Figure 14. Printer Example Subroutine 
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; This subroutine sends character strings to the printer 


INIT: MOV 


OUT 
RET 
MOV 
MOV 
CMP 
BNZ 
RET 
IN AL,PORT2 
TEST1 AL,7 

BZ WAIT 
TEST1 AL,5 

BNZ WAIT 
MOV AL, [BW] 
OUT PORTO,AL 
INC BW 

BR PRNLOOP 


SENDPRN: 
PRNLOOP: 


BW,DATA 
AL, [BW] 
AL,OFFH 
WAIT 


Mode 2 


Mode 2 can only be used by group 0. In this mode, port 
0 functions as a bidirectional 8-bit data port operating 
under the control of the upper five bits of port 2 as 
control/status signals. In this mode, port 0 combines 
the input and output operations of mode 1. See figures 
15 and 16. 


In mode 2, the status of the following signals can be 
determined by reading port 2: OBFO, IBFO, INTO, WIEO, 
and RIEO. 


The DAKO and STBO signals are used to select input or 
output for port 0. By using these signals, bidirectional 
‘operation between the uwPD71055 and peripheral can 
be realized. 





In mode 2, the bit manipulation command is used to 
write to port 2. 


Control/Status Port Operation 


The following control/status signals are used for output: 


OBFO [Output Buffer Full]. OBFO goes low when data 
is received from the Do-D7 data bus and is latched in 
the port 0 output buffer. It therefore functions as a 
receive request signal to the peripheral. OBFO goes low 





AL,10101000B 


CTRLPORT,AL 


74PD71055 Mode Setting: 
;Group 0: mode 1 output 
‘Group 1: mode 0 


‘Output data address 


;End if data = OFFH 


;Wait until output buffer is empty 


;Wait until printer can accept data 


;Send data to printer 





at the rising edge of the WRO signal (end of data write). 
It goes high when DAKO is low (output data from port 0 
received). 


DAKO [Data Acknowledge]. DAKO is sent to the 
uPD71055 in response to the OBFO signal. It should be 
set low when data is received from port 0 of the 
pPD71055. 


WIEO [Write Interrupt Enable Flag]. WIEO controls the 





write interrupt request output. Interrupts are enabled 


by using the bit manipulation command to set this bit to 
1 and disabled by setting it to 0. The state of WIE does 
not affect the DAK function of this pin. 


The following control/status signals are used for input: 


STBO [Strobe Input]. When STBO goes low, the data 
being sent to the uPD71055 is latched in port 0. 


iBFO [Input Buffer Full F/F]. When IBFO goes high, it 
indicates that the input buffer is full. It functions as a 
signal which can be used to prohibit further data 
transfer. IBFO goes high when STBO goes low. It goes 
low at the rising edge of RDO when STBO = 1 (read 
complete). 
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Figure 15. Mode 2 


Command word 


uPD71055 





commons [2 | Strenion 
a 


WIEO and RIEO 
are controlled by bit 
manipulation command 
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Figure 16. Mode 2 Timing 
















WiEO = 1 
RIEO = 1 


RO 


INTO 


CPU—71055 








Peripheral>71055  71055—>peripheral 







Note: 


WINTO and RINTO are internal signals and are write and read interrupt request 
signals to the CPU, respectively. 


WINTO = OBFO (+) WIEO («) DAKO (-) WRO 
RINTO = IBFO (e) RIEO («) STBO (e) RDO 
Also note that 

INTO = WINTO (+) RINTO 
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RiEO [Read Interrupt Enable Flag]. RIEO controls the 
read interrupt request output. Interrupts are enabled 
by using the bit manipulation command to set this bit to 
1 and disabled by setting it to 0. The state of RIEO does 
not affect the STBO function of this pin. 


This control/status signal is used for both input and 
output: 


INTO [Interrupt Request]. During input operations, 
INTO functions as a read request interrupt signal. 
During output, it functions as a write request interrupt 
signal. This signal is the logical OR of the INT signal for 
data read (RINTO) and the INT signal for write (WINTO) 
in mode 1 (RINTO OR WINTO). 


In mode 2, the status of OBFO, IBFO, INTO, WIEO, and 
RIEO can be determined by reading port 2. 


Table 3 is a summary of these signals. 
Figure 17. Connecting Two CPUs 


Main CPU 





»PD71055 


vPD71055 


Table 3. Functions of Port 2 in Mode 2 


Bit Function 
P23 INTO (Interrupt request) 
P24 STBO (Strobe input) 
RIEO (Read interrupt enable flag) 
P25 IBFO (Input buffer full f/f) 
P25 DAKO (Data acknowledge input) 
WIEO (Write interrupt enable flag) 
P27 OBFO (Output buffer full f/f) 


Mode 2 Example 


Figures 17, 18, and 19 show data transfer between two 
CPUs. 


Sub CPU 


IBFO (P2,) 
STBO(P2,) 


49-000626A 
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Figure 18. Main CPU Flowchart 
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Processing 
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request interrupt 
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Figure 19. Sub CPU Flowchart 
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Mode Combinations 


Table 4 is a complete list of all the combinations of 
modes and groups, and the function of the port 2 bits in 
each mode. 


Table 4. Mode Combinations and Port 2 Bit Functions 
























































Group 0 Group 1 
Mode PO7-P0, P27 P25 P2, P2, P23 Mode P1 7-P1 0 P23 P22 P2, P29 
0 In D D D D NA 0 In D D D 6«OD 
0 In D D D D NA 0 Out D D D 6D 
0 In D D D D NA 1 In B STB1 IBF1INT1 
(RIE1) 
0 In D D D D NA 1 Out B DAK1  OBF1 INT 
(WIE1) 
0 Out D D D D NA 0 In D D D «OD 
0 Out D D D D NA 0 Out D D D OD 
0 Out D D D D NA 1 In B STBI IBF INT4 
(RIE) 
0 Out D D D D NA 1 Out B DAKi  OBF1 INTI 
(WIE1) 
1 In 8B B IBFO  STBO INTO 0 In NA D DOD 
(RIEO) 
1 In B B IBFO.  STBO INTO 0 Out NA D D 6oOD 
(RIEO) 
1 In B B IBFO.  STBO INTO 1 In NA STB1 =IBF1‘INT1 
(RIEO) (RIE1) 
1 In B B IBFO  STBO INTO 1 Out NA DAK1  OBF1 INT1 
(RIEO) (WIE1) 
1 Out OBFO ——DAKO B B INTO 0 In NA D D OD 
(WIE) 
1 Out OBFO —dDAKO B B INTO 0 Out NA D DOD 
. (WIEO) 
1 Out OBFO DAKO B B INTO 1 in NA STB1  IBF1 INT1 
(WIE0) (RIE1) 
1 Out OBFO DAKO B B INTO { Out NA DAKi  OBF1 INT1 
(WIEO) (WIE1) 
2 1/0 OBFO DAKO IBFO  §T1BO _ INTO 0 In NA D D. «OD 
(WIEO) (RIEO) 
2 1/0 OBFO DAKO IBFO  STBO _ INTO 0 Out NA D DOD 
(WIEO) (RIEO) 
2 1/0 OBFO DAKO JBFO  S§T1BO _ INTO 1 In NA STBI IBF1 NTI 
(WIE) (RIEO) (RIE1) 
2 1/0 OBFO DAKO 'IBFO ST1BO _ INTO { Out NA DAKi  OBF1_ INT1 
(WIE) (RIEO) (WIE1) 


Note: 

(1) In this chart, “NA” indicates that the bit cannot be used by this group. 

(2) The symbol “B” indicates bits that can only be rewritten by the bit manipulation command. 

(3) In this chart, “D” indicates that is used by the user. 

(4) Symbols in parentheses are internal flags. They are not output to port 2 pins and they cannot be read by the host. 


(5) In indicates Input, Out indicates Output, and I/O indicates Input/Output. 
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NEC Electronics Inc. Interrupt Control Unit 


Description Pin Configurations 


The uPD71059 is a low-power CMOS programmable 28-Pin Plastic DIP 
interrupt control unit for microcomputer systems. It 
can process eight interrupt request inputs, allocating a 
priority level to each one. It transfers the interrupt with 





the highest priority to the CPU, along with interrupt Ao 96 4) INTAK 
address information. By cascading up to eight slave 25 1 INTP, 
uPD71059s to a master wPD71059, a system can 24 (1 INTP, 
process up to 64 interrupt requests. System scale, ome exon 
interrupt routine address, interrupt request priority, i a Ese 

’ a 3 
and masking are all under complete program control. & 20D intP, 
Features 
CO uPD8085A compatible (CALL mode) 16 1 SV (BUFA/W} 
[1 wPD70108/70116 compatible (vector mode) 
CO) Eight interrupt request inputs per chip 83-001220A 
0 Up to 64 interrupt request inputs per system 

(extended mode) 44-Pin Plastic QFP 


C] Edge- or level-triggered interrupt request inputs 
C] Each interrupt maskable 

C1) Programmable priority level 

0) Polling operation 

O Single +5 V +10% power supply 

C] Industrial temperature range: —40 to +85°C 

CO) CMOS technology 

CO] 8 MHz and 10 MHz 





Ordering Information 


Part Number Package eit 
uPD71059C-8 28-pin plastic DIP (600 mil) 

C-10 

G-8 44-pin plastic QFP (P44G-80-22) 

GB-8 44-pin plastic QFP (P44GB-80-3B4) 

GB-10 

L-8 28-pin PLCC 

L-10 


SV [BUFR/W} (T_T "J 


83-001579A 





50013-1 (NECEL-160) 


yuPD71059 


Pin Configurations (cont) 


28-Pin Plastic Leaded Chip Carrier (PLCC) 


18 [J INTPo 


16 (J SV [BUFR/W] 





83-004217A 


Pin Identification 





Symbol Function 

D7-Do Data bus |/0 

SA9-SAg Slave address 1/0, bits 2, 1, 0 
GND Ground potential 

IC Internally connected 

SV (BUFR/W) Slave (Buffer read write) 1/0 
INT Interrupt output 

INTPo-INTP7 Interrupt inputs 

iNTAK Interrupt acknowledge input . 
Ao Address input 

Vpp Power supply 

cs Chip select input 

WR Write strobe input 

RD Read strobe input 

NC Not connected 


NEC 


Pin Functions 
D7-Do [Data Bus] 


The 8-bit 3-state bidirectional bus transfers data to and 
from the CPU through the system bus. The data bus 
becomes active when data is sent to the CPU in the 
INTAK sequence. Otherwise, the data bus is high 
impedance. 


CS [Chip Select] 


The CPU uses the uPD71059’s CS input to select a 
uPD71059 to read from (IN instructions) or write to 
(OUT instructions). The RD_and WR signals to the 
uPD71059 are enabled when CS is low. CS is not used 
for the INTAK sequence. 


RD [Read Strobe] 


The CPU sets the RD input to 0 when reading the 
internal registers IMR, IRR and ISR, and during polling 
operations to read polling data. 


WR [Write Strobe] 


The CPU sets the WR input to 0 when writing initializing 
words IW1-IW4 and command words IMW, PFCW and 
MCW. 


Ao [Address] 


The Ag input is used with CS, RD, and WR to read or 
write to the u~PD71059. Normally, Ag is connected to Ag 
of the address bus. Table 1 shows the relationship 
between read/write operations and the control signals 
(CS, WR, RD, and Ao). 


INTP7-INTPg [Interrupt Request from Peripheral] 


INTP7-INTPo9 are eight asynchronous interrupt request 
inputs. They can be set to be either edge-or level- 
triggered. These pins are pulled up by an internal 
resistance. Their power consumption is lower at high- 
level input than at low-level input. 


INT [Interrupt] 


INT is the interrupt request output from a 
uPD71059 to the CPU or master wPD71059. When an 
interrupt from a peripheral is input to an INTP pin and 
acknowledged, the “PD71059 asserts INT high to 
generate an interrupt request at the CPU or master 
uPD71059. 
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INTAK [Interrupt Acknowledge] 


The INTAK input from the CPU acknowledges an 
interrupt from the wPD71059. After acknowledging the 
interrupt request, the CPU returns three low-level 
pulses (uPD8085) or two low-level pulses (uPD70108/ 
70116). Synchronizing to these pulses, the 4.PD71059 
sends a CALL instruction in three bytes, or an interrupt 
vector number in one byte through the data bus. 


SV [BUFR/W] [Slave, Buffer Read/Write] 


This pin has two functions. When no external buffer is 
used in the data bus, it is the SV input. When SV is low, 
the wPD71059 acts as a slave. It operates as a master 
when SV is high. SV has-no master/slave meaning 
when the wPD71059 is.set to single mode. 


As the BUFR/W output, this pin can allow a bus 
transceiver to be controlled by the uPD71059, if one is 
required. When the wPD71059 changes its data bus to 
output, it sets BUFR/W low. It sets BUFR/W high when 
the data bus changes to input. 
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SA2-SApog [Slave Address] 


These pins are only used in systems with cascaded 
uPD71059s. The master uwPD71059 uses these pins to 
address up to eight slave wPD71059s. These pins are 
output pins for masters, and input pins for slaves. 


Note: In the single mode, SAg-SAg are output pins, but the output 
data has no meaning. 


Vpp [Power Supply] 

This is the positive power supply. 
GND [Ground] 

This is the ground potential. 


IC [Internally Connected] 


This pin must be left unconnected. 




















Table 1. Read/Write Operations 
cS RD WR Ag __ Other Conditions »PD71059 Operation CPU Operation 
0 1 0 IRR set by MCW IRR to Data bus IRR read 
(ec 7 Eel Tee noc cayidten iuesietesontesce Set ee oysloot d Teen oe 
Mihai 8 ae Wario set lt ge dak ea Lot Slline eapiabe cua 
0 0 1 1 IMR to Data bus IMR read 
0 1 0 0 D4 = Data bus to IW1 register IW1 write 
‘D403=0 ~~ DatabustoPFCWregister = atti PFCW write 
‘Dg=0,D3=1 ~~ DatabustoMCWregister = tt” MCW write 
0 1 0 1 (Note 2) Data bus to |W2 register iW2 write 
“DatabustolW3register = (sttttt*é«s~™ IW3write 
“DatabustolW4register tt” IW4write 
‘Afterinitializing = | DatabustoIMR = IMWwrite 


0 1 1 X 





1 X X X 
0 0 0 X 
Note: 


(1) In the polling phase, polling data is read instead of IRR and ISR. 
(2) Refer to Control Words section for |W2-IW4 writing procedure. 


Data bus high impedance 


Illegal 
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Block Diagram 


NEC 


SAg 


Initialization and 


Data Bus 
Buffer 





Read/ 
Write 
Control 


(ISR) 


Internal Bus 





Block Diagram Functions 
Data Bus Buffer 


The data bus buffer is a buffer between D7-Do and the 
“PD71059’s internal bus. 


Read/Write Control . 


The read/write control controls the CPU’s reading and 
writing to and from the uPD71059 registers. 


Initialization and Command Word Registers 


These registers store initializing words IW1-IW4 and 
command words PFCW (priority and finish control 
word) and MCW (mode contro! word). The CPU 
cannot read these registers. 


Interrupt Mask Register [IMR] 


The interrupt mask register stores the interrupt mask 
word (IMW) command word. Each bit masks an inter- 
rupt. If bit n of this register is 1, the interrupt request 
INTP, is masked and cannot be accepted by the 
uPD71059. The CPU can read this register by perform- 
ing an IN instruction with Ag = 1. 
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Command Word 
Register Group 


Service 


Register 


Slave 
Control ik 


= Sie 


SV/(BUFR/W) 


Control Logic 


In ¥ Priority 


Interrupt 

Request 

Register 
(IRR) 


Decision 





Interrupt 
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Interrupt Request Register [IRR] 


The interrupt request register shows which interrupt 
levels are currently being requested. If bit n of the IRR 
is 1, INTP, is requesting an interrupt. The CPU can 
read this register. 


In-Service Register [ISR] 


The in-service register shows all interrupt levels cur- 
rently in service. If bit n of this register is 1, the interrupt 
routine corresponding to INTP, is currently being 
executed. The CPU can read this register. 


Slave Control 


Slave control is used in systems with cascaded 
»PD71059s. A master uPD71059 uses it to control slave 
uUPD71059s, and a slave uses it to interface with the 
master uwPD71059. 


Control Logic 


The control logic receives and generates the signals 
that control the sequence of events in an interrupt. 
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Priority Decision Logic 


The priority decision logic determines which interrupt 
request from the IRR will be serviced next. The 
decision is made based upon the current interrupt 
mask, interrupt service status, mode status, and current 
priority. 


Absolute Maximum Ratings 


Ta = 25°C 

Power supply voltage, Vpp —0.5 to +7.0V 
Input voltage, V, —0.5 to Vpp + 0.3 V 
Output voltage, Vo —0.5 to Vpp + 0.3 V 
Power dissipation, PDjyax 500 mW 
Operating temperature, Topt —40 to +85°C 
Storage temperature, Tstg —65 to +150°C 


Comment: Exposing the device to stresses above those listed in the 
absolute maximum ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational section of this specification. 
Exposure to absolute maximum ratings for extended periods may 
affect device reliability. 


Capacitance 
Ta = 25°C; Vpp = GND =0V 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input C 10 pF fg=1MbHz 
capacitance 
1/0 Cig 20 pF  Unmeasured pins 
capacitance returned to 0 V 





uPD71059 
DC Characteristics 
Ta = —40 to +85°C; Vpp = 5 V 410% 
Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 
Input voltage, Vip 2.2 Vpp+ V 
high 0.3 
Input voltage, = Vi —0.5 08 V 
low 
Output voltage, Voy 07x Vpp Von = —400 vA 
high 
Output voltage, Vo, 04 Vi Ip. =2.5mA 
low 
Input leakage = Ij 10 wA Vi=Vopp 
current, high 
Input leakage = [yyy —-10 wA Vj=0V 
current, low 
Output leakage Igy 10 wA Vo=Vop 
current, high 
Output leakage = lror —10 wA Vo=0V 
current, low 
INTP input ILIPH 10 wA Vi=Vpp 
leakage 
current, high 
INTP input ILIPL —300 wA Vj=0V 
leakage 
current, low 
Supply current 
(dynamic) 

uPD71059 lpp1 35 9 mA ; 

uPD71059-10 —Ipp1 4 9 mA 
Supply current —Ippe 2 50 wA Input pins: 
(power down Vin = Vpp — 0.1 V 
mode) Vit =0.1V 

Output pins: open 
(Note 1) 

Notes: 


(1) In power down mode, INTP9-INTP7, INTAK, and CS must be at 
high level (Vj = Vpp — 9.1 V). 
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AC Characteristics 
Ta = 40 to +85°C; Vop + 5 V + 10% 


Parameter 

Read Timing 

Ag, CS setup to RD | 

Ap, CS hold from RD f 
ROD pulse width low 

RD pulse width high 
Data delay from RD } 
Data float from RD t 
Data delay from Ag, CS 
BUFR/W delay from RD | 
BUFR/W delay from RD t 
Write Timing 

Ag, CS setup to WR } 

Ag, CS hold from WR f 
WR pulse width low | 
WR pulse width high 
Data setup from WR ft 
Data hold from WR f 
Interrupt Timing 

INTP pulse width 


SA setup to second, third INTAK | 


INTAK pulse width low 
INTAK pulse width high 
INT delay from INTP t 


SA delay from first INTAK 


Data delay from INTAK } 
Data float from INTAK f 
Data delay from SA 


BUFR/W delay from INTAK } 
BUFR/W delay from INTAK f 


Other Timing 
Command recovery time 
INTAK recovery time 


INTAK/command recovery time 


Notes: 








(1) The time to clear the input latch in edge-trigger mode. 


(2) The time to move from read to write operation. 
(3) The time to move to the next INTAK operation. 
(4) The time to move INTAK to/from command (read/write). 


8 Miz Limits 

Symbol Min Max 
tsaR 0 

tHRA 0 
tRRL 160 
tRRH 120 
toro 120 
trp 10 85 
tpaD 200 
toRBL 100 
toRBH 150 
tsaw 0 
tHWA 0 
twwL 120 
twwH 120 
tspw 120 
tuwo 0 
UPIPL 100 
tssia 40 
UAIAL 160 
tlAIAH 120 
toip! 300 
tpias 360 
tpiaD 120 
tFIAD 10 85 
tosp 200 
tDIABL 100 
tDIABH 150 
trv 120 
tava 250 
try3 250 


10 MHz Limits 
Min Max 
0 
0 
120 
90 
95 
10 60 
120 
80 
100 
0 
0 
100 
90 
100 
0 
80 
40 
120 
90 
200 
250 
95 
10 60 
150 
80 
100 
90 
90 
90 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns . 


ns 


ns 
ns 
ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
ns 
ns 
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C = 150 pF 
C = 100 pF 
C, = 150 pF 


(Note 1) 
Slave 


INTAK Sequence 

C, = 150 pF 

Master, C_ = 150 pF 
C_ = 150 pF 


Slave, C, = 150 pF 
Cy = 150 pF 


(Note 2) 
(Note 3) 
(Note 4) 
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Timing Waveforms 


AC Test Input/Output Waveform 





Read Cycle 
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INTAK Sequence (CALL Mode) 
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INTAK Sequence (Vector Mode) 


tipi 


INTP Input Should be Maintained at High Level 
until the Leading Edge of the 1st INTAK Pulse. 


49-000168A 


Other Timing 





—| toabH 
=] torae : 


ttAIAH 
| <> 
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Interrupt Operation 


Almost all microcomputer systems use interrupts to 
reduce software overhead when controlling periph- 
erals. However, the number of interrupt pins on a CPU 
is limited. When the number of interrupt lines increases 
beyond thai iimii, exiernai circuiis tike the wPD71055 
become necessary. , 
The wPD71059 can process eight interrupt request 
according to an allocated priority order and transmit 
the signal with the highest priority to the CPU. It also 
supplies the CPU with information to ascertain the 
interrupt routine.start address. Cascading uwPD71059s 
by connecting up to eight “slave” wPD71059s to a 
single “master” uPD71059 permits expansion to up toa 
maximum of 64 interrupt request signals. 


Interrupt system scale (master/slave), interrupt routine 
addresses, interrupt request priority, and interrupt 
request masking are all programmable, and can be set 
by the CPU. 


Normal interrupt operation for a single uwPD71059 is as 
follows. First, the initialization registers are set with a 
sequence of initialization words. When the wPD71059 


detects an interrupt request from a peripheral to an 


INTP pin it sets the corresponding bit of the interrupt 
request register (IRR). Theinterrupt is checked against 
the interrupt mask register (IMR) and the interrupt 
service register (ISR). If the interrupt is not masked 
and there is no other interrupt with a higher priority in 
service or requesting service, it generates an INT 
signal to the CPU. 


The CPU acknowledges the interrupt by bringing the 
INTAK line low. The .PD71059 then outputs interrupt 
CALL or vector data onto the data bus in response to 
INTAK pulses. During the last INTAK pulse, the 
uPD71059 sets the corresponding bit in its ISR to 
-indicate that this interrupt is in service and to disable 
interrupts with lower priority. It resets the bit in the IRR 
at this point. When the CPU has finished processing 
the interrupt, it will inform the ~PD71059 by sending a 
finish interrupt (Fi) command. This resets the bit in the 
ISR and allows the uPD71059 to accept interrupts with 
lower priorities. If the 4PD71059 is in the self-Fl mode, 
the ISR bit is reset automatically and this step is not 
necessary. 
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Software Features 
The wPD71059 has the following software features: 


CALL/vector 
Normal/extended nesting 
Self-Fl/normal Fl/ 
specific Fl 

Normal nested/extended 
nested/exceptional nested 
Automatic priority rotation 
Rotate to specific priority 


® Interrupt types: 
@ Interrupt masking: 
@ End of interrupt: 


@ Priority rotation: 


Polled mode 
CPU-readable registers 


Hardware Configurations 


The uwPD71059 has the following hardware config- 
urations: 


@ Interrupt input: 
@ Cascading wPD71059s: 


Edge/level sensitive 
Single/extended 
(master/slave) 

@ Output driver control: Buffered/non-buffered 


Mode Control 


These features and configurations are selected and 
controlied by the four initialization words (IW1-IW4) 
and the three command words (IMW, PFCW, and 
MCW). The format of these words are shown in figures 
2 and 3, respectively. 


Control Words 


There are two types of wPD71059 control words: 
initialization words and command words. 


There are four initialization words: IW1-]W4. These 
words must be written to the vPD71059 at least once to 
initialize it. They must be written in sequence. 


There are three types of command words: interrupt 
mask word (IMW), priority and finish control word 
(PFCW), and the mode control word (MCW). These 
words can be written freely after initialization. 
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Initialization Words 


Initialization sequence. When data is written to a 
HPD71059 after setting Ag = 0 and Dg = 1, data is 
always accepted as IW1. This results in a default 
initialization as shown below. See figure 1. 


(1) The edge-trigger circuit of the INTP input is 
reset. IRR is cleared in the edge-trigger mode. 


(2) ISR and IMR are cleared. 


(3) INTP7 receives the lowest priority; INTP9 
receives the highest. 


(4) The exceptional nesting mode is released. IRR 
is set as the register to be read. 


(5) Register IW4 is cleared. The normal nesting 
mode, non-buffer mode, Fl command mode, 
and CALL mode are set. 


Initialization Words. The initialization words are written 
consecutively, and in order. The first two, |W1 and |W2, 
set the interrupt address or vector. |W3 specifies which 
interrupts are slaves for master systems, and defines 
the slave number of a slave system. Therefore, |W3 is 
only required in extended systems. The uPD71059 will 
only expect it if bit Dy of IW1, SNGL = 0. IW4 is only 
written if bit Do of |W1, 14= 1. See figure 2 for the format 
of the initialization words. 


Command Words 


The command words give various commands to a 
uPD71059 during its operation to change interrupt 
masks and priorities, to end interrupt processing, etc. 
See figure 3. 


IMW [Interrupt Mask Word]. This word masks the IRR 
and disables the corresponding INTP interrupt re- 
quests. It also masks the ISR in the exceptional nesting 
mode. Bits M7-Mog correspond to the interrupt levels of 
INTP7-INTPo, respectively. 


In the exceptional nesting mode, interrupts corre- 
sponding to the bits of IRR and ISR are masked if the 
Mn bit is set to 1. 


PFCW [Priority and Finish Control Word]. This word 
sets the Fl (finish interrupt) command that defines the 
way that interrupts are ended, and the commands that 
change interrupt request priorities. 


When RP (rotate priority) is set to 1, the priorities of the 
interrupt requests change (rotate). The priority order 
of the 8 NTP pins is as shown in figure 4. Setting a level 
as the lowest priority sets all the other levels corre- 
spondingly. For example, if INTP3 is the lowest 
priority, INTP4 will be the highest. (INTP7 has the 
lowest priority after initialization). 
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SIL (specify interrupt level) is set to 1 to change the 
priority order or designate an interrupt level. It is used 
with the RP and FI bits (bits D7 and Ds). When SIL = 1 
and RP or Fl = 1, the level identified by ILg-ILo is 
designated as the lowest priority level. The other 
priorities will be set correspondingly. When used with 
Fl = 1, it resets the ISR bit corresponding to the 
interrupt level ILo-ILo. 


MCW [Mode Control Word]. This word is used to set 
the exceptional nesting mode, to poll the wPD71059, 
and to read the ISR and IRR registers. 


Figure 1. Initialization Sequence 


CPU Sends 
Iw1 
[Ao = 0, Da = 1] 
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Bits SR and IS/IR are used to read the contents of the 
IRR and ISR registers. When SR = 0, no operation is 
performed. To read IRR or ISR, set Ag = 0 and select 
the IRR or ISR register by writing to MCW. To select 
the IRR register, write MCW with SR = 1 and IS/IR =0. 


4 anAIe/ID—4 
1Qamuiwsythw—~ et. 


Tu seieci ine iSh, wiite MOW with SR = 
The selection is retained, and MCW does not have to 
be rewritten to read the same register again. IRR and 


ISR are not masked by the IMR. 
Figure 2. Initialization Word Formats (Sheet 1 of 2) 


IW1 [Initialization Word 1] 


Ao D, Ds Ds 





The Higher 3 Bits of 
the Lower Byte of 

the Interrupt Routine 
Address in CALL Mode 








IW2 [Initialization Word 2] 


AO 





Interrupt 
Scale 


CALL Mode 
Address Gap 


INTP Input 
Trigger 


D; Ds Ds D, D; 
mae TAave] Ante] awe [Aate] Aw [A TA | 








IW3 [Initialization Word 3] Master Mode 


Ao D, D, Ds D, Ds D2 D, Do 
Ci: ] CLstststs«fs fs [s [| & | 








an 


Single Mode 
Extended Mode 


Level-Trigger Mode 


| 0 | Edge-Trigger Mode 


Higher Byte of Interrupt Routine 
Address in CALL Mode 

The Higher 5 Bits of interrupt 
Vector Number in Vector Mode 


NEC 


man INTP Input is a Slave 
re | INTP Input is Not a Slave 
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Figure 2. Initialization Word Formats (Sheet 2 of 2) 


IW3 [Initialization Word 3] Slave Mode 
Ay 0, De Ds D, Ds D, D, Do 


ees a We 
pe I S01) ot 
ie a 


oe Pee ee ee 
ee Oe lat 
Estee em 
ea ie ee 
in ian ee 


IW4 [Initialization Word 4] 


Ag D, De Ds 


Interrupt Vector Mode 


Mode 
Select CALL Mode 








Self-Fl Mode 
Fl Command Mode 


Non-Buffer Mode 
Buffer Mode Master 
Buffer Mode Slave 








Extended 
Nest 
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Figure 3. Command Word Format 


IMW [Interrupt Mask Word] 


Ay D, D. D; D, Ds D, D, Do 
a 





Interrupt Set Interrupt Mask 
= | 0 | Reset Interrupt Mask 





PFCW [Priority Finish and Control Word] 











No Level Without Rotation Normal Fl Command 
Designation With Rotation Normal Rotation Fl Command 


Without Rotation Specific Fl Command 


Priority With Level With Rotation Specific Rotation Fl Command 
Rotation and 


FI Command Designation ~—_ [Without Rotation 


etl Polling Command 
No Operation 


a 
Register | 1 | 0 |isRSelect 
Select Sei lierdal IRR Select 








Exceptional | o | x | No Operation 
Nesting Pee t= Exceptional Nesting Mode Set 
Mode =? |), 304 Exceptional Nesting Mode Release 
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Figure 4. INTP Priority Order 


Highest 
Priority 


Lowest 
Priority 


After Initialization 


Highest Lowest 
Priority Priority 


INTP7 | INTPg | INTP5 | INTPq | INTP3 | INTP2 | INTPy | INTPo 


After Rotation 
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CALL or Vector Modes 


The uPD71059 passes interrupt routine address data to 
the CPU in two modes, depending on the CPU type. 
This mode is set by bit V/C in initialization word |W4. 
V/G is set to one to to select the vector mode for 
uPD70108/70116 CPUs, and reset to zero to select the 
CALL mode for uPD8085A CPUs. 


CALL Mode [uPD8085A CPUs] 


In this mode, when an interrupt is acknowledged by 
the CPU, the uPD71059 outputs three bytes of interrupt 
data to the data bus in its INTAK sequence. During the 
first INTAK pulse from the CPU, the uPD71059 outputs 
the CALL opcode OCDH. During the next INTAK pulse, 
it outputs the lower byte of a two-byte interrupt routine 
address. During the third INTAK pulse, it outputs the 
upper byte of the address. The CPU interprets these 
three bytes as a CALL instruction and executes the 
CALL interrupt routine. See figure 5 and the INTAK 
sequence (CALL mode) uPD8085 diagram in the AC 
Timing Waveforms. 











Interrupt routine addresses are set using words !W1 
and IW2 during initialization. However, only the higher 
ten or eleven bits of the interrupt addresses are set, 
Ai5-Ag or Ai5-As. The uPD71059 sets the remaining 
low bits (Ds5-Dp or D4-Do) to get the address of INTP,’s 
interrupt routine. The addresses for INTP1-INTP7 are 
set in order of interrupt level. The space between 
interrupt addresses is determined by setting the AG4 
bit (address gap 4 bytes) of |W1. When AG4 = 1, the 
interrupt routine starting addresses are 4 bytes apart. 
Therefore, the starting address for INTP, is the starting 
address for INTPg9 pilus four times n. When AG4 = 0, 
starting addresses are eight bytes apart, so the starting 
address for INTP, is the starting address for INTPo 
plus eight times n. See figure 6. 





Vector Mode [uPD70108/70116 CPUs] 


In the vector mode, the wPD71059 outputs a one-byte 
interrupt vector number to the data bus in the INTAK 
sequence. The CPU uses that vector number to gen- 
erate an interrupt routine address. See figure 7. 





The higher five bits of the vector number, V7-V3, are set 
by IW2 during initialization. The u4PD71059 sets the 
remaining three bits to the number of the interrupt 
input (0 for INTP9, 1 for INTP;, etc). See figure 8. 


The CPU generates an interrupt vector by multiplying 
the vector number by four, and using the result as the 
address of a location in an interrupt vector table 
located at addresses 000H-3FFH. See figure 9. 


System Scale Modes 


The uPD71059 can operate in either single mode, with 
up to eight interrupt lines or extended mode, with more 
than one wPD71059 and more than eight interrupt 
lines. Inextended mode auPD71059 is in either master 
or slave mode. 


Bit Dj, SNGL (single mode), of the first initialization 
word IW1 designates the scale of the interrupt system. 
SNGL = 1 designates that only one wPD71059 is being 
used (single mode system). SNGL = 0 designates an 
extended mode system with a master and slave 
uUPD71059s. In the single mode (SNGL = 1), the SV 
input and IW4 buffer mode bits D3 and Ds do not 
indicate a master/slave relation for the wPD71059. 


Single Mode 


This mode is the normal mode of .PD71059 operation. 
It has been described in the Interrupt Operation 
description. See figure 10 for a system example. 


Extended Mode 


In this mode, up to 64 interrupt requests can be 
processed using a master (uPD71059 in master mode) 
connected to a maximum of eight slaves (uPD71059s 
in slave mode). See figure 11 for a system example. 
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Figure 5. CALL Mode Interrupt Sequence 


Peripheral Circuit 
[Connected to INTPp] 


Generaied iniesrupi 


Request INTP, 


Hold INTPp High until First 
INTAK Pulse is Generated 


Reset Interrupt 


4.PD71059 
| 
| 


-——__——__, 


Set Bit n of IRR 


Is 
INTP, Highest 
Priority? 


Generate INT for 





Request at INTPy, 


INTAK 


Sequence “| 
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Output CALL 
Instruction Opcode 
[OCDH] to Data Bus 


Output Address. 
Lower Byte (AD,) 
to Data Bus 


Output Address 
Higher Byte (AD,,) 
to Data Bus 


Set Bit n of ISR; 
Reset Bit n of IRR 


Reset Bit n of ISR 


CPU (\.PD8085A) 
(Interrupt Enable) 
| 


Generate First INTAK 
Pulse when INT 
Is Received 


Save Opcode 
[OCDH] 


Generate Second INTAK 
Pulse 


_ Save ADL 


Generate Third 
INTAK Pulse 


Use AD, and ADH 
to Execute 
interrupt Routine 


issue Fl 
Command for 
_ INTP, 
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Figure 6. CALL Mode Interrupt Address Sequence 


e Address Lower Byte [AD _] During Second INTAK 
AG4 = 1 (4-Byte Spacing Address) 


interrupt 
Level D, 


INTP, 
INTP, 
INTP, 
INTP, 
INTP, 
NTP, 
INTP, 
INTP, 
AG4 = 0(8-Byte Spacing Address) 


Interrupt 
Level 


INTP, 
INTP, 
INTP, 
INTP, 
INTP, 
INTP, 
INTP, 
INTP, 
Note: When AG4 = 0, bit A, is ignored. 


e Address Higher Byte [AD] During Third INTAK. 


D, D, Ds D, D; De D, Do 
| As | Aw | Aw | Ae | An | Aw | Ae | me | 
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Figure 7. Vector Mode Interrupt Sequence 





Peripheral Circuit : CPU (.PD70108/70116) 
Connected to INTPn ».PD71059 (Interrupt Enable) 







Set Bit n of IRR 


is 
INTPp Highest 
Priority? 





Hold INTPp High until 
First INTAK Pulse 
is Generated 



















Yes 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


| 
| | 


| First INTAK Pulse Is 


Reset Interrupt Request Generated when INT is 


at INTP, 





| Received 


Generate Second 
Internal Operation INTAK Pulse 
ici Marat ber. Receive Vector Number 
INTAK 


Sequence | 


Set Bit n of ISR; 


Execute Interrupt 


Reset Bit n of IRR Routine 





Reset Bit n of ISR Issue Fl Command for INTPpy 





A 49.000148C 
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Figure 8. Vector Numbers Output in Vector Mode 


Output During the Second INTAK 


Interrupt 
Levels 


INTP, 
INTP, 
INTP, 
INTP, 
INTP, 
INTP, 
INTP, 
INTP, 
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Figure 9. Interrupt Vectors for the uPD70108/70116 


Vector Table 
Address Interrupt Vector Table 


—» 000H Program Counter Word 
eee 
b+» 004H 


ia eee a 
ee re 


Vector Number x 4 — 
————| 


{Interrupt vector 
tableaddressis = |, seg —= = 


foakiphing SO Te TES 


multiplying vector 


number times four.) Ly 3ecH 
Vector 255 
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Figure 10. Single Mode System 


.PD71059 
D,-Dy 


INTAK 


Control Bus 


Data Bus 


® 
3 
a 
% 
® 
2 
3 
<q 


Decoder 
49.000149A 
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Figure 11. 


— 





D7-Dy INTAK 


SA,-SA, 








Slave [SN = 5} 


INTINTP, 2° © 








Th Sous eee 


Slave Address Local Bus 


Slave (SN = 6] 


INTINTP, ¢ ¢ © INTP, 
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Extended System Example with Three Slaves 


a eS Gl Ll Bus 











Li Ay D;-Dy INTAK 


SA,-SA, 


Slave [SN =7] SA,-SA, 


INTINTP, © © © INTP, 




















Master Mode 


When a wPD71059 is a master in an extended mode 
system, S7-Sg of |W3 (master mode) define which of 
INTP7-INTP 9 are inputs from slave wPD71059s or 
peripheral interrupts. 


Consider an interrupt request from INTP,. If S, =0, the 
interrupt is from a peripheral (for example, INTPo of 
the master uPD71059 in Figure 11), and the wPD71059 
treats it the same way it would if it were in the single 
mode. SAo-SAg outputs are low level and the master 
provides the interrupt address or vector number. 


If S, = 1, the interrupt is from a slave (for example, 
INTP7 of the master). The master sends an interrupt to 
the CPU if the slave requesting the interrupt has 
priority. The master then outputs siave address n to 
pins SAo-SAg on the first INTAK pulse by the CPU. It 
lets slave n perform the rest of the INTAK sequence. 
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Slave Mode 


When a slave receives an interrupt request from a 
peripheral, and the slave has no interrupts with higher 
priority in service, it sends an interrupt request to the 
master through its INT output. When the interrupt is 
accepted by the CPU through the master, the master 
outputs the slave’s address on pins SA»o-SAp. Each 
slave compares the address on SAo-SAg to its own 
address. The slave that sent the interrupt will find a 
match. It completes the INTAK sequence the same 
way as a single 4PD71059 would. 





The master outputs slave address 0 when it is proces- 
sing anon-slave interrupt. Therefore, do not use 0 asa 
slave address if there are less than eight slaves con- 
nected to the master. 


Figures 12 and 13 show the interrupt operating se- 


quences for slaves in the extended mode.. 


Figure 12. Interrupt from Slave (CALL Mode) 


Peripheral Circuit 
{Connected to INTPm 
in Slave} 

I 


Interrupt Request 
is Made to INTPm 


Hold INTPm High Until 
First INTAK Puise is 
Generated 


Reset Interrupt Request 
at INTPm 


INTAK 
Sequence 





Slave u.PD71059 
[Sm = 0} 


Set Bit m of IRR 


Is INTPm 
Highest Priority? 


Generate INT 
for INTPm 


Master uPD71059 
[Sn = 1] 
' 


Set Bitn of IRR 


Is INTP,, 
Highest 
Priority? 


Generate INT 
for INTP,, 





Output Address 
Lower Byte (AD, ) 
to Data Bus 


Output Address 
Higher Byte (AD,,) 
to Data Bus 


Set Bit m of ISR; 
Reset Bit m of IRR 


Opcode 0CDH 
Output to Data Bus 
Output SA2 - SAo 


Set Bit n of ISR; 
Reset Bit n of IRR 


Reset Bit n of ISR 


uUPD71059 


CPU [uPD8085A] 
[Interrupts Enabled] 
i] 


Generate First INTAK 


Pulse After 
Accepting INT 


I 
I 
Save Opcode [OCDH] 


Generate Second 
INTAK Pulse 


l 
Generate Third INTAK Pulse 
i) 


Use AD, and ADy 
to Execute 
Interrupt Routine 


Issue Fl Command 
to INTPm of Slave 


Issue Fl Command 
to Master INTP,, 
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19 





uPD71059 





Figure 13. Interrupt from Slave (Vector Mode) 


Peripheral Circuit 
(Connected to INTPm Slave uPD71059 Master uPD71059 
in Slave] [Sm = 0] [Sp = 1] uPD70108/70116 [V20/V30] 


Generate Interrupt - j 
Request to INTPm : per emorlne 


Is INTPm Highest 


Hold INTPm High Until Priority? 


First INTAK Pulse is 
Generated 


Generate INT for INTPm Set Bit n of IRR 


Is INTP,, 
Highest 
Priority? 


| 

| 

| 

| 

| 

! Yes 
| 
| 

| 

| 

| 

| 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Generate First INTAK 
Pulse after 
Accepting INT 


Reset Interrupt Request 
at INTPm 


| 
| 
| 
| 


Output slave Address 
SA2-SAo SA2-SAo 


INTAK Output Vector Generate Second 
Sequence | to Data Bus j INTAK Pulse 
| Accept Vector 

Set Bit m of ISR; Execute Interrupt 

Reset Bit m of IRR Routine 

Issue Fl Command 

to INTPm of Slave 

. Issue Ft Command 

fare aa to INTP,, of Master 

| ' 
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Buffer and Non-Buffer Modes 


In a large system, a buffer may be needed by the 
»PD71059 to drive the data bus. A buffer mode is 
supplied, with a signal to specify the buffer direction. 
In the buffer mode, SV (BUFR/W) is used to select the 
buffer direction and SV cannot be used to specify the 
master/slave mode. The master/slave selection must 
be set by |W4. |W4 bit D3, BUF (buffer) and Do, BSV 
(buffered slave) are used together to set the buffer 
mode and master/slave relation. When BUF = 0, the 
non-buffer mode is setand BSV has no meaning. When 
BUF = 1, the buffer mode is set. In buffer mode, the 
uUPD71059 is a master when BSV = 1, aslave when BSV 
= 0. See figure 14. 


Nesting Modes 


The way ayPD71059 handles interrupts when there is 
already an interrupt in service depends on the nesting 
mode. 


Normal Nesting Mode 


This mode is set when IW4 is not written or when IW4 
has EXTN = 0. It is the most common nesting mode. 
See figure 15. 


When an interrupt is being executed in this mode (cor- 
responding bit of ISR = 1), only interrupt requests with 
higher priority can be accepted. 


Extended Nesting Mode 


This mode is only applicable to a master in the 
extended mode. A slave’s eight interrupt priority levels 
become only one priority level when viewed by the 
master. Therefore, a request made by a slave with a 
higher priority than a previous request from the same 
slave will not be accepted. This cannot be called 
complete nesting since priority ranking within slaves 
loses its significance. 


The extended nesting mode is set by setting bit D4 of 
IW4 in both the master and the slave. Interrupt requests 
of a higher level than the one currently being serviced 
can be accepted in the master from the same slave in 
the extended nesting mode. 


Care should be exercised when issuing an FI (finish 
interrupt) command in the extended nesting mode. In 
an interrupt by a slave, the CPU first issues an Fl 
command to the slave. Then, the CPU reads the slave’s 
in-service register (ISR) to see if that slave still has 
interrupts in service. If there are no interrupts in 
service, (ISR = 00H) an Fl command is issued to the 
master, as in the single mode when an interrupt is 
made by a peripheral. 





yPD71059 


Figure 14. Buffer Mode 


wPD71059 


SV/(BUFR/W) 


Note 1: D determines data direction 
Low Level: A>B 
High Level: A—B 
Note 2: The “PD71059 is set to input SV in its Initial 
state and is pulled up by R to set D to the low level 
during initialization. 
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Figure 15. Normal Nesting Mode 


Highest 
Priority 


7 6 5 4 3 2 1 0 
mR ovyo74 © | o To | o | o | 0 | 
sr (o7i74 o [| o |o fo] o | o | 


Interrupts that can be accepted are INTP,, through 
INTP, during execution of interrupt Level 6. 


Request Generated in Level 2 


RR OOo voy 0 | 0 | 
' 
sRVoyiVoyoVyoyig o | o | 


tnterrupt Level 2 has been accepted andis being executed. 


Request Generated in Level 4 


MRO OV oVs mye wvoy o | 0 | 
srt Voy ovovid o | 0 | 


Level 4 requests cannot be accepted. 


Level 2 Fl Command Issued 


IRR ode Ae aA oe Lo fo |e 
sry inow iA ojo | o | 0 | 


Level 4 request can be accepted after processing of 


Level 2 has been ended, when high level is maintained 
at INTP4 until INTP4 is accepted. 
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Exceptional Nesting Mode 


A pPD71059 in the normal or extended nesting mode 
cannot accept interrupts of a lower priority than the 
interrupts in service. Sometimes, however, it is desir- 
able that requests with lower priority be accepted 


wihila higher-oriority interrunts are heing serviced 


WVnaoew tte Pee ceeemes ees SS wey Se PS e- 


Setting the exceptional nesting mode allows this. After 
releasing the ence phone! mode, the previous mode is 
resumed. 


The exceptional nesting mode is controlled by the 
SNM (set nesting mode) and EXCN (exceptional nest- 
ing mode) bits (Dg and Ds) of MCW. They set and 
release the exceptional nesting mode. The mode 
doesn’t change when SNM = 0. Exceptional nesting is 
set if SNM and EXCN = 1 and released when SNM =1 
and EXCN = 0. 


Setting a bit in the IMW in the exceptional nesting 
mode, inhibits interrupts of that level and allows 
unmasked interrupts to all other levels, higher or lower 
priority. 


The procedure for setting the exceptional nesting (EN) 
mode is as follows: 


(1) Read the ISR. 
(2) Write the ISR data to the IMR. 
(3) Set the exceptional nesting mode. 


In this way, all interrupt requests not currently in 
service will be enabled. 


Figure 16 (a) shows what happens if IMR is not set to 
ISR. When the exceptional nesting is set, bit 2 of ISR 
will be ignored, and bit 5 will be serviced. Servicing bit 
5 will mask the lower priority interrupts 6 and 7. When 
the ISR is set equal to the IMR as in (b), all interrupts 
except 2 and 5 can be serviced when the exceptional 
nesting mode is set. 


Issuing an Fl command to a level masked by the 
exceptional nesting mode requires caution. Since the 
ISR bit is masked, the normal Fl command will not 
work. For this reason, a specific Fl command specifying 
the ISR bit must be issued. After the exceptional mode 
is released, the normal Fl command may be used. 
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Figure 16. Exceptional Nesting Mode 








Acceptable 
Levels 
(White blocks} 







Priority 
Levels 














Highest 


__ Setting of exceptional 
nesting mode 


Lowest 


Requests from INTPg¢ and INTP7 cannot be accepted when only 
bit 2 of the IMR is set to 1. 


Acceptable 
Priority Levels 
Levels [White blocks] 









Highest 


Setting of exceptional 
nesting mode 





Lowest 


All requests other than those being executed can be accepted when the IMR is set the 
same as the ISR, in exceptional nesting mode. 
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Finishing Interrupts (Fl) and Changing 
the Priority Levels 


The priority and finish control word (PFCW) issues FI 
commands and changes interrupt priorities. 


Normal FI Command 


D7 Dg Ds Dag Dg Do Dy Do 
prow= | ofo [4 j}ofo}x |x |x| 
When a normal Fi command is issued, the wPD71059 
resets the ISR bit corresponding to the highest priority 
level selected from the interrupts in service. This 


operation assumes that the interrupt accepted last has 
ended. 


When an interrupt routine changes the priority level or 
the exceptional nesting mode is set, this command will 
not operate correctly because the highest priority 
interrupt is not necessarily the last interrupt in service. 


NEC 


Specific Fl Command 


D7 De Ds D4 Dg Do Dy Do 
prow= [| oft | 1 {0 | 0 [ite] ui| to} 
When the specific Fl command is issued, the wPD71059 
resets the ISR bit designated by bits ILo-ILg of the 


PFCW. This command is used when the normal nesting 
mode isn’t being used. 


Self-Fl Mode 


When SFI of IW4 = 1, the uPD71059 is set to the self-Fl 
mode. In this mode, the ISR bit corresponding to the 
interrupt is set and reset during the third INTAK pulse. 
Therefore, the CPU does not have to issue an FI 
command when the interrupt routine ends. In this 
mode, however, the ISR does not store the routine in 
service. Unless interrupts are disabled by the interrupt 
routine, newly. generated interrupt requests are gen- 
erated without priority limitation by the ISR. This can 
cause a stack overflow when frequent interrupt requests 
occur, or when the interrupt is level triggered. 





Self-Fl Rotation 


Rotation of interrupt priorities can be added to the 
self-Fl mode. In this case, the corresponding interrupt 
is set to the lowest priority level when a bit is reset in 
the ISR at the end of the INTAK sequence. 


Self-Fl Rotation Set: 


D7 Dg Ds Ds D3 Do Dy Do 
prow= | 1] 0} oto} ol] x] x[x 


Self-Fl Rotation Reset: 





D7 De Ds Ds D3 Do Dy Do 


gc hee Be ed 


Normal Rotation Fi Command 


D7 De Ds Dag D3 Deg Dy Do 
io te ee ES EES 


uPD71059 


When the normal rotation Fl command is issued, the 
uPD71059 resets the ISR bit corresponding to the 
highest priority level selected from the interrupts in 
service, then rotates the priority levels so that the 
interrupt just completed has the lowest priority. 


Specific Rotation Fl Command 


D7 Dg Ds Dag Dg Do Dy Do 


owe OTT Joe Pu] ]ie 


When the specific rotation Fl command is issued, the 
uPD71059 resets the ISR bit designated by bits IL2-ILo 
of the PFCW and rotates the interrupt priorities so that 
the interrupt just reset becomes the lowest priority. 
This change in priority levels is different from the normal 
nesting mode, therefore, it is the user’s responsibility 
to manage nesting. 


Specific Rotation Command 


D7 De Ds D4 Dg Deo Dy Do 


meow= [T+ [oo ]o [us] Jie 


When the specific rotation command is issued, the 
uPD71059 sets the interrupt priority specified by ILo-ILo 
to the lowest priority. In this case also, the user must 
manage nesting. 


Triggering Mode 


Bit Dg of the first initialization word, |W1, is LEV (level- 
trigger mode bit). LEV sets the trigger mode of the 
INTP inputs. The level-trigger mode is set when LEV = 
1. The rising-edge-triggered mode is set when LEV =0. 


Edge-Trigger Mode 


In the edge-trigger mode, an interrupt is detected by 
the rising edge of the signal on an INTP input. 
Although an IRR bit goes high when INTP is high, the 
IRR bit is not latched until the CPU returns an INTAK 
pulse. Therefore, the INTP input should be maintained 
high until INTAK is received. This filters out noise 
spikes on the INT fines. To send the next interrupt 
request, temporarily lower the INTP input, then raise it. 
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Level-Trigger Mode 


In the level-trigger mode, an IRR bit is set by the INTP 
input being at a high level. As in the edge-trigger mode, 
the INTP must be maintained high until the INTAK is 
received. Interrupts are requested as long as the INTP 


innut remains high. Care should be taken so as not to. 


cause a stack overflow in the CPU. See figure 17. 


Note: The uPD71059 operates as if the INTP7 interrupt had 
occurred if the INTAK pulse is sent to the uPD71059 by the 
CPU when the uPD71059 INT output level is low. Bit 7 of 
ISR is not set. Accordingly, if it is expected that this will 
occur, the INTP7 interrupt should be reserved for servicing 
incomplete interrupts. The Fl should not be issued for 
incomplete interrupts. See figure 18. 





Figure 17. 


INTP Input 








Edge Trigger 
Circuit 








Figure 18. Incomplete Interrupt Request 


INTP 


INT er” Seats 9 0, eee ee 


( 
|. | First INTAK Pulse 
| 
| 


INTAK 1 ee 


| 
1 
INT Sampling by CPU—>| — 


Polling Operation 


When polling, the CPU should disable its INT input. 
Next, it issues a polling command to the wPD71059 
using MCW with POL = 1. This command sets the 
MPD71059 in polling mode untii the CPU reads one of 
the uPD71059’s registers. 


24 








NEC 


When the CPU performs a read operation with Ag=0in 
the polling mode, polling data as shown in figure 19 is 
read instead of ISR or IRR. The wPD71059 then ends 
the polling mode. 


Figure 19. Polling Data 


D, De Ds D, D, D, D, Do 
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The INT bit has the same meaning as the INT pin. 
When it is set to 1, it means that the 4PD71059 has 
accepted an INTP input. 


The PL2-PLo (permitted level) bits show which INTP 
input requested an interrupt when INT = 1. 


If INT in the polling data is 1, the u~PD71059 sets the ISR 
bit corresponding to the interrupt Jevel shown by bits. 
PL»o-PLo of the polling data and considers that interrupt 
as being executed. The CPU then processes the 
interrupt accordingly, based on the polling data read. 
An Fl command should be issued when this processing 
ends. 


Note: When a read is performed with AO = 1 after the polling 
command is sent to the yPD71059, the IMR will be read 
instead of polling data. However, when the polling command 
is sent, the 4PD71059 operates in the same manner when 
Ag = Oas it does when Ag = 1. This means that although Ag 
was set to 1, the 4PD71059 will send the contents of the 
IMR, but it will also set an ISR bit just as it would if AO had 
been set to zero. This may disturb the nesting. Therefore, 
performing a read operation with Ag = 1 immediately after 
sending the polling command should be avoided. 
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NEC Electronics Inc. DMA Controller 


Description Pin Configurations 


The wPD71071 is a high-speed, high-performance or ‘ 
direct memory access (DMA) controller that provides ao Pn Cesc Pl 
high-speed data transfers between peripheral devices 





and memory. A programmable bus width allows je erste 
bidirectional data transfer in both 8- and 16-bit systems. END/TC C13 aa aeaoy 
In addition, the 4.PD71071 uses CMOS technology to DMAAK3 [1] 4 
reduce power consumption. DMAAK2 [1] 5 
DMAAK1 [J 6 
The uPD71071 can perform a variety of transfer func- DMAAKO []7 
tions including byte/word, memory-to-memory, and DMARQ3 [| 8 
transfers between memory and I/O. The uPD71071 peance ri? 
w4% ‘ DMARQ1 [] 10 
also utilizes single, demand, and block mode transfers; anaes 
release and bus hold modes; and normal and com- 5 
pressed timing. Dis/Azs 13 8 
D14/Az2 [] 14 = 
Features D13/A21 (15 
D32/A20 C] 16 
1 Four independent DMA channels D11/At9 C17 
OC 16M-byte addressing nia = ye 
O 64K-byte/word transfer count sie i 
. : 16 [J 20 
CO) 8- or 16-bit programmable data bus width D7/Ats (421 
C1] Enable/disable of individual DMA requests De/Ata C22 
CX) Software DMA requests Ds/Aq3 [] 23 269) D2/A10 
O  Enable/disable of autoinitialize papaay as 257) Da/Ant 





O Address increment/decrement seers 

LC) Fixed/rotational DMA channel priority 

0 Terminal count output signal 

C) Forced transfer termination input 

[] Cascade capability 

1) Programmable DMA request and acknowledge 
signal polarities 

O) High performance: transfers to 5.33 Mbytes/s 

C} uPD70108/70116-compatible 

CL] CMOS technology 

LC) Low-power standby mode 

L] Single power supply, 5 V +10% 

C] Industrial temperature range, —40 to +85°C 

CL] 10 MHz operation 


Ordering Information 


Part Number Package 
uPD71071C-10 48-pin plastic DIP 
L-10 52-pin PLCC 


50012-1 (NECEL-302) 


uPD71071 


Pin Configurations (cont) 


52-Pin Plastic Leaded Chip Carrier (PLCC) 
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DMAAKo []8 O 46 1 iOWR 
DMARQ3 [J 9 45 (J iORD 
DMARQz2 [J 10 4417) UBE 
pmarai [1] 11 43 [0 AEN 
DMARQO [1] 12 42 [J ASTB 
GND CJ 13 4110 Ao 
Di5/A23 C14 #PD71071 401] Vop 
D14/A22 (4 15 397 A1 
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Pin Functions 
CLK [Clock] 


CLK controls the internal operation and data transfer 
speed of the uwPD71071. 


RESET [Reset] 


RESET initializes the controller's internal registers and 
leaves the controller in the idle cycle (CPU controls the 
bus). Active high. 


END/TC [End/Terminal Count] 


This is a bidirectional pin. The END input is used to 
terminate the current DMA transfer. TC indicates the 
designated cycles of the DMA count transfer have 
finished. END/TC is open drain and requires an ext- 
ernal pull-up resistor. Active low. 


DMAAK3-DMAAKO [DMA Acknowledge] 


DMAAK3-DMAAKO indicates to peripheral devices 
that DMA service has been granted. DMAAK3-DMAAKO 
respond respectively to DMA channels 3-0 and the 
polarities are user programmable. 
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Pin Identification 















































Symbol Function 

Ao3-Ag/ Bidirectional address/data bus 
D15-Do 

IC Internally connected; leave open 
A7-Aq Address bus output 

NC Not connected 

A3-Ag Bidirectional address bus 

Vpop Power supply 

ASTB Address strobe output 

AEN Address enable output 

UBE Upper byte enable input/output 
iORD 1/0 read input/output 

iOWR 1/0 write input/output 

MRD Memory read output 

MWR Memory write output 

cs Chip select input 

READY Ready input 

HLDAK Hold acknowledge input a 
HLDRQ Hold request output 

CLK Clock input 

RESET Reset input 
END/TC End DMA transfer input/terminal count output 
DMAAK3- DMA acknowledge output 

DMAAKO 

DMARQ3- DMA request input 

DMARQO 

GND Ground 


DMARQ3-DMARQO [DMA Request] 


DMARQ3-DMARQO accept DMA service requests from 
peripheral devices. DMARQ3-DMARQO respond re- 
spectively to DMA channels 3-0 and the polarities are 
user programmable. DMARQ must remain asserted until 
DMAAK is asserted. 


GND [Ground] 


GND connects to the power supply ground terminal. 


A23-Ag/D15-Do [Address/Data Bus] 


Ao3-Ag/D15-Do function as a 16-bit, multiplexed address/ 
data bus when the yPD71071 is in the 16-bit data mode. 
In the 8-bit data mode, Ao3-Ay, (pins 13-20) become 
address bits only and A15-Ag/D7-Dg (pins 21-28) remain 
an 8-bit multiplexed address/data bus. Az3-Ag/D15-Do 
are three-state. 
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A7-Aq, A3-Ao [Address Bus] 


A7-Aq, A3-Ag function as the lower eight bits of the address 
bus. A7-A,4 output memory addresses during the DMA 
cycle and become high impedance in the idle cycle. 
A3-Ao function as the lower four bits of the address bus. 
in the idle cycle, A3z-Ag become address inputs to select 
internal registers for the CPU to read or write. In the 
DMA cycle, A3-Ag output memory addresses. 


Vpp [Power Supply] 


Vpp connects to the +5-V power supply. 


ASTB [Address Strobe] 


ASTB latches address Ag3-Ag (16-bit mode)/A45-Ag (8- 
bit mode) from the address/data bus into an external 
address latch at the falling edge of ASTB duringa DMA 
cycle. Active high. 


AEN [Address Enable] 


AEN enabies the output of an external latch that holds 
DMA addresses. AEN becomes high during the DMA 
cycle. 


UBE [Upper Byte Enable] 


UBE indicates the upper byte of the data bus is valid 
during 16-bit mode. In the idle cycle during data 
transfer, the wPD71071 acknowledges data on Di5-Dg 
when UBE is asserted. During a DMA cycle, UBE goes 
low to signify the presence of valid data on D45-Dg. 
UBE has no meaning in 8-bit mode and becomes high 
impedance in the idle cycle and high level in the DMA 
cycle. Three-state, active low. 


IORD [I/O Read] 


In the idle cycle, IORD inputs a read signal from the 
CPU. In the DMA cycle, |ORD outputs a read signal to 
an I/O device. Three-state, active low. 





IOWR [I/O Write] 


In the idle cycle, IOWR inputs a write signal from the 
CPU. Inthe DMA cycle, |OWR outputs a write signal to 
an I/O device. Three-state, active low. 





MRD [Memory Read] 


During the DMA cycle, MRD outputs a read signal to 
memory. MRD is high impedance during the idle cycle. 
Three-state, active low. 


MWR [Memory Write] 


During the DMA cycle, MWR outputs a write signal to 
memory. MWR is high impedance during the idle cycle. 
Three-state, active low. 
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CS [Chip Select] 


During the idle cycle, CS selects the uPD71071 as an 
1/O device. Active low. 


READY [Ready] 


During a DMA operation, READY indicates that a data 
transfer for one cycle has been completed and may be 
terminated. To meet the requirements of low-speed I/O 
devices or memory, READY may be negated to insert 
wait states to extend the bus cycle until READY is again 
asserted. 


HLDAK [Hold Acknowledge] 


When active, HLDAK indicates that the CPU has 
granted the uPD71071 the use of the system bus. Active 
high. 


HLDRQ [Hold Request] 


HLDRQ outputs a bus hold request to the CPU. Active 
high. 


Block Diagram Description 
The wPD71071 has the following functional units. 


Bus control unit 

DMA contro! unit 

Address registers 

Address incrementer/decrementer 
Count registers 

Count decrementer 

Control registers 


Bus Control Unit 


The bus control unit consists of the address and data 
buffers, and bus control logic. The bus control unit 
generates and receives signals that control addresses 
and data on the internal address and data buses. 


DMA Control Unit 


The DMA control unit contains the priority and timing 
control logic. The priority control logic determines the 
priority level of DMA requests and arbitrates the use of 
the bus in accordance with this priority level. The DMA 
control unit also provides internal timing and controls 
DMA operations. 
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Block Diagram 


Bus Control Unit 
Address Bus Internal Address 
Buffer Bus (24) 


Data Bus 
Buffer 


Address 
Registers 


Bus Control 
Logic 


Internal Data Bus (16) 


Count 


OMA Controi Unit Registers 


Priority 
Control 
Logic 


Timing 
Control 
Logic 


Terminal Count 


END/TC 





Address Registers 


Each of the four DMA channels has one 24-bit base 
address register and one 24-bit current address register. 
The base address register holds a value determined by 
the CPU and transfers this value to the current address 
register during autoinitialization (address and count 
are automatically initialized). The channel’s current 
address register is incremented/decremented for each 
transfer and always contains the address of the data to 
be transferred next. 


Address Incrementer/Decrementer 


The address incrementer/decrementer updates the 
contents of the current address register whenever a 
DMA transfer completes. 


Count Registers 


Each of the four DMA channels has one 16-bit base 
count register and one 16-bit current count register. 
The base count register holds a value written by the 
CPU and transfers the value to the current count 
register during autoinitialization. A channel’s current 
count register is decremented for each transfer and 


Current (24 x 4) 


Ss: 
3 


Base (16 x 4) 
Current (16 x 4) 
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Address 
Incrementer/ 
Decrementer 

(24) 


Control Registers 


Channel 


Device Control 


Mode Control 


Temporary 


Request 


Mask 


Count 
Decrementer 
(16) 
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generates a terminal count when the count register is 
decremented to FFFFH. 


Note: The number of DMA transfer cycles is actually the value 
of the current count register + 1. Therefore, when pro- 
gramming the count register, specify the number of DMA 
transfers minus one. 


Count Decrementer 


The count decrementer decrements the contents of the 
current count register by one when each DMA transfer 
cycle ends. 


Control Registers 
TheywPD71071 contains the following control registers. 


@ Channel 
Device 
Status 
Mode 
Temporary 
Request 

@ Mask 


These registers control bus mode, pin active levels, 
DMA operation mode, mask bits, and other u.PD71071 
operating functions. 
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Absolute Maximum Ratings 


Power supply voltage, Vpp —0.5 to +7.0 V 
Input voltage, V; —0.5 to Vpp + 0.3 V 
Output voltage, Vo —0.5 to Vpp + 0.3 V 
Operating temperature, TopT —40 to +85°C 
Storage temperature, Tstg —65 to +150°C 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Ta = 25°C 
Limits Test 

Parameter Symbol Typ Max = Unit Conditions 
Output Co 4 8 pF sf, =1.0 MHz 
capacitance unmeasured 
agg SSC*pNS returned 
Aaa C 8 15 pF to0V 

pacitance 
1/0 capacitance Cio 10 18 pF 


uUPD71071 
DC Characteristics 
Ta = —40 to +85°C, Vpp = 5 V 10% 
Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 
Input high Vi 3.3 Vpp + V_ CLK input pin 
voltage 0.3 

2.2 Vpp V Other inputs 

0.3 

Input low ViL —0.5 08 iV 
voltage 
Output high Von 0.7 Vop Vs lon = —400 vA 
voltage 
Output low VoL 0.4 Vslop =2.5 mA; 
voltage 4.5 mA (TC) 
Input leakage lu +10 wA 0OV<SVi<Vpp 
current 
Output leakage lig +10 pA OVSVo<Vpp 
current 
Supply current —Ipp4 15 30 mA 
(dynamic) 
Supply current — Ippo 10 uA Inputs stable 
(stable) outputs open 
Supply current — Ippo 10 HA 
(static) 
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AC Characteristics 


Ta = —40 to +85°C, Vpp =5V+10% 
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Parameter Symbol Min Max Unit Test Conditions 
DMA Mode 
Clock cvcle tev 100 ns 
Clock pulse width high tkKH 39 ns 
Clock pulse width low tKKL 49 ns 
Clock rise time tkR 10 ns. 15V > 3.0V 
Clock fall time tk 10 ns 3.0V > 1.5V 
Input rise time tip 20 ns 
Input fall time tir 12 ns 
Output rise time tor 20 ns 
Output fall time tor 12 ns 
DMAROQ setup time to CLK high tsp 20 ns $1, SO, $3, SW, S4w 
HLDRQ high delay from CLK low tpHOH 5 70 ns $1, S4w 
HLDRQ low delay from CLK low tpHOL 5 70 ns $1, $0, S4w 
HLDRQ low level period tHaHaL 2tcyK — 50 ns S4w 
HLDAK high setup time to CLK low tsHA 20 ns $0, S4, S4w 
AEN high delay from CLK low tpAEH 5 70 ns $1, $2 
AEN tow delay time from CLK low tpAEL 5 70 ns $1, S4w 
_ ASTB high delay time from CLK low tpsTH 5 70 ns $1 
ASTB low delay time from CLK high tpsTL 5 70 ns $1 
ASTB high level period tsTSTH tkx — 15 ns 
ADR/UBE/RD/WR active delay from toa 5 80 ns S1, $2 
CLK low (Note 1) 
ADR/UBE/RD/WR float time tra 0 70 ns S1, S4w 
from CLK low 
ADR setup time to ASTB low tsast tkxL — 40 ns 
ADR hold time to ASTB low tHsTA tkkH — 20 ns 
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AC Characteristics (cont) 














Parameter Symbol Min. Max 
DMA Mode (cont) 
ADR/UBE off delay time from CLKlow _ tpg 0 70 
RD low delay time from ADR float tpaR —10 
Input data delay time from MRD low tomrip 2tcyk — 80 
Input data hold time from MRD high tumrlo 0 
Output data delay time from CLK low tpop 10 80 
Output data hold time from CLK high —tygp 10 
Output data hold time from MWR high —tunwop tkx, — 35 
RD low delay time from CLK high toKHR 
RD low level period tRRL 2tceyx — 30 

trRL2 toyk + tkkH — 90 
RD high delay time from CLK low torRH 10 70 
ADR delay time from RD high tora tcyk — 30 
WR low delay time from CLK low towLt . 50 
WR low delay time from CLK low towi2 50 
WR low delay time from CLK high tpwL3 50 
WR low level period twwlt teyx — 30 

tww2 2tcyk — 30 

tww13 tcyk + tkkH — 30 
WR high delay from CLK low tpwH 5 50 
RD low delay time from CLK low tDKLR 5 50 
RD, WR low delay from DMAAK active —_—tpparw 0 
RD high delay time from WR high toWHRH 5 
DMAAK delay time from CLK high tpKHDA 5 70 
DMAAK delay time from CLK low tpKLDA 10 90 
DMAAK inactive delay time from topan 5 


CLK high 
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Unit —_‘ Test Conditions 

ns $1, $2 

ns 

ns $12 

ns $14 

ns $22 

ns $24 

ns 

ns $2 compressed timing 

ns Normal timing 

ns Compressed timing 

ns $4 

ns 

ns $3 normal write 

ns S2 extended write, normal timing 
ns 52 extended write, compressed timing 
ns Normal write 

ns Extended write, normal timing 

ns Extended write, compressed timing 
ns S4 | 5g | 
ns $2 normal timing 

ns $1, $2 , 

ns 

ns $11/0 memory timing 

ns $1 cascade.mode 

ns 


$4 
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AC Characteristics (cont) 





Parameter Symbol Min Max 

DMA Mode (cont) 

DMAAK inactive delay time from tppal2 5 tx, + 70 
TODAI3 4ixk, + 76 

DMAAK active level period tpaDa 

TC low delay time from CLK high toTcL 5 70 

TC off delay time from CLK high toTcr 30 

TC high delay time from CLK high toTcH tkkH + teyK — 10 

TC low level period , ttcTcL toy —15 

END low setup time to CLK high tsep 20 

END low level period tEDEDL 50 

READY setup time to CLK high tsry 20 

READY hold time from CLK high tury 10 

Programming Mode and RESET 

IOWR low level period tiwiWL 80 

CS low setup time to IOWR high tscsiw 80 

CS hold time from IOWR high tHIWcs 0 

ADR/UBE setup time to IOWR high tsaiw 80 

ADR/UBE hold time from IOWR high tHiwa 0 

Input data setup time to IOWR high tsipiw 80 

Input data hold time from IOWR high tuiwio 0 

IORD low level period tiRIRL 120 

ADR/CS setup time to IORD low tsair 20 

ADR/CS hold time from {ORD high tHiRA 0 

Output data delay time from IORD low tpiRoD 10 100 

Output data float time from IORD high teiRop 80 

RESET high level period tRESET 2tcyK 

Vpp setup time to RESET low tsypp 500 

IOWR/IORD wait time from RESET low —_tgyjwr 2tcyK 

lOWR/IORD recovery time trviwR 160 


Notes: 

(1) RD/WR refers to (ORD or MRD and IOWR or MWR, respectively. 

(2) For END/TG, output load capacitance = 75 pF maximum. To 
meet the toTcH parameter use a 2.2-kQ pull-up resistor with a 


load capacitance of 75 pF. For other than END/TC, output load 
capacitance = 100 pF maximum. 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


Test Conditions 


$4 cascade mode, HLDAK low HLDAK low in S4 


04 cascade Mods, 
Cascade mode 

$3 

$4 

0 to 2.2 V (Note 2) 


$2 


$3, SW 
$3, SW 
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RESET low to first read/write 
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Timing Waveforms 


Timing Measurement Points 


2.2V Test 2.2V 
0.8V — Points cae 0.8 V 





Clock Timing 
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Input/Output Edge Timing 
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Timing Waveforms (cont) 


Memory-to-Memory Transfer Timing 
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Ready Timing 
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Timing Waveforms (cont) 


Programming Mode and RESET Timing 


tsyIWR 


1OWR 
or (ORD 


ADR/UBE 


tRVIWR 
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END/TC Timing 


tEDEDL 
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Timing Waveforms (cont) 





Bus Wait Timing 
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Functional Description 
DMA Operation 


The wPD71071 functions in three cycles: idle, DMA, 
and standby. In an idle or standby cycle, the CPU uses 
the bus, while in a DMA evele, the.uPD71071 uses it. 


Idle Cycle. In an idle cycle, there are no DMA cycles 
active, but there may be one or more active DMA 
requests; however, the CPU has not released the bus. 
The wPD71071 will sample the four DMARQ input pins 
at every clock. If one or moré inputs are active, the 
corresponding DMA request bits (RQ) are set in the 
status register and the wPD71071 sends a bus hold 
request to the CPU. The uwPD71071 continues to 
sample DMA requests until it obtains the bus. 


After the CPU returns a HLDAK signal and the 
uPD71071 obtains the bus, the 4PD71071 stops DMA 
sampling and selects the DMA channel with the highest 
priority from the valid DMA request signals. Program- 
ming of the 4PD71071 is done when the uPD71071 is in 
the idle cycle or the standby mode. 


DMA Cycle. InaDMA cycle, the 4PD71071 controls the 
bus and performs DMA transfer operations based on 
programmed information. Figure 1 outlines the sequen- 
tialflow of a DMA operation. 


Standby Mode. The uPD71071 can also be used in 
standby mode. It is in standby mode and consumes the 
static supply current (Ipp2) when the clock is turned off 
and no |/O read or write operations are being per- 
formed. Allinternal registers will retain their contents. 


The u«PD71071 can be programmed (using:|OWR) and 
read (using IORD) with the clock off. The uwPD71071 
only uses the clock for the DMA data transfer cycles. 
The clock may be turned off without altering the 
internal registers when the wPD71071 is in the idle 
cycle. If the clock is turned off during a DMA transfer, 
the uPD71071 will not operate correctly. When the 
clock is off, the DMARQ inputs will not be recognized. 
The DMARQ inputs could be externally logically ORed 
and cause an interrupt to the CPU. The CPU couid then 
turn on the clock, thus activating the .PD71071. If the 
previously programmed mode of operation is still valid, 
the 4PD71071 does not have to be reprogrammed. 





Data Bus Width > 


In order to allow an easy interface with an 8- or 16-bit 
CPU, the data bus width of the wPD71071 is user 
programmable for 8 or 16 bits. A 16-bit data bus allows 
16-bit memory-to-memory DMA transfers and also 
provides a one-l/O bus cycle access to the 16-bit 
internal registers. 
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Table 1 shows the relationship of the data bus width, 
Ag, UBE, and the internal registers. 


Table 1. Data Bus Width 
Bus Width = Ag_UBE Internal Read/Write Registers 

8 bits - X  X  Dz-Do ~~ 8-bit internai register 
16 bits 0 1 D7-Do “—~ 8-bit internal register 


D45-Do ~~ 16-bit internal register 


Figure 1. DMA Operation Flow 


Idle Cycle 


DMA Cycle 


Update Address and 
Transfer Count Register 


Idle Cycle 
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Terminal Count 


The uPD71071 ends DMA service when it generates a 
terminal count (TC) or when the END input becomes 
active. A terminal count is produced when a borrow is 
generated by the current count register and a low-level 
pulse is output to the TC pin. Figure 2 shows that the 
current count register is tested after each DMA 
operation. 


If autoinitialize is not set when DMA service ends, the 
mask register bit applicable to the channel where 
service ended is set, and the DMARQ input of that 
channel is masked. 


DMA Transfer Type 


The type of transfer the 4PD71071 performs depends 
on the following conditions. 


@ Memory-to-memory transfer enable 

@ Direction of memory-to-!/O transfer (each channel) 
e Transfer mode (each channel) 

@ Bus mode 


Memory-to-Memory Transfer Enable. The uPD71071 
can perform memory-to-l/O transfers (one transfer 
cycle in one bus cycle) and memory-to-memory trans- 
fers (one transfer in two bus cycles). To select 
memory-to-memory transfer, set bit 0 of the device 
control register to 1. The DMA channels used in 
memory-to-memory transfers are fixed, with channel 0 
as the source channel and channel 1 as the destination 
channel. Channels 2 and 3 cannot be used in memory- 
to-memory transfers. The contents of the count 
registers and word/byte transfer modes of channels 0 
and 1 should be the same when performing memory- 
to-memory transfer. 


Figure 2. Generation of Terminal Count (TC) 


DMA Transfer 
Decrement Current 
Count Register 


Borrow 
Generated? 


Y 
Terminal Count 
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For memory-to-memory byte transfer in 16-bit data 
bus mode, a read data from upper data bus is to be 
written to upper data bus, while a read data from lower 
data bus is to be written to lower data bus. Therefore, 
start addresses for source and destination must be the 
even-even or odd-odd. For word transfer, only even- 
even addresses are to be set for source and destination. 
(See Byte/Word Transfer paragraphs below.) When 
DMARQO (channel 0) becomes active, the transfer is 
initiated. 


During memory-to-memory bus cycles in the 16-bit 
mode, data read from the DMAC’s upper (lower) data 
bus is written to the upper (lower) data bus of the 
destination device. Thus, for word transfers, only even 
source and destination addresses should be used. 


The DMA request input pin ora software DMA request 
to channel 0 may initiate memory-to-memory transfers. 
The uPD71071 performs the following operations until 
a channel 1 terminal count or END input is present: 


@ During the first bus cycle, the memory data pointed 
to by the current address register of channel 0 is 
read into the temporary register of the wPD71071 
and the address and count of channel 0 are updated. 


@ During the second bus cycle, the temporary register 
data is written to the memory location shown by the 
current address register of channel 1, and the 
address and count of channel 1 are updated. 


Note: If DMARQi1 (channel 1) becomes active, the 4PD71071 
will perform memory-to-I/O transfer even though memory-to- 
memory transfer is selected. Since this may cause erroneous 
memory-to-memory transfers, mask out channel 1 (DMARQ1) 
by setting bit 1 of the mask register to 1 before starting 
memory-to-memory transfers. 


During memory-to-memory transfers, the addresses 
on the source side (channel 0) can be fixed by setting 
bit 1 of the device control register to 1. In this manner, a 


Figure 3. Memory-to-Memory Transfer in 16-Bit Data 
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range of memory can be initialized with the same value 
since the contents of the source address never change. 
During memory-to-memory transfer, the DMAAK signal 
and channel 0’s terminal count (TC) pulse are not 
output. (See figure 3.) 


Direction of Memory-to-I/O Transfers. All DMA trans- 
fers use memory as a reference point. Therefore, a 
DMA read reads amemory location and writes to an I/O 
port. ADMA write reads an I/O port and writes the data 
to a memory location. In memory-to-I/O transfer, use 
the mode control register to set one of the transfer 
directions in table 2 for each channel and activate the 
appropriate control signals. 


Table 2. Transfer Direction 
Transfer Direction 

Memory — 1/0 (DMA read) 

1/0 — memory (DMA write) 


Activated Signals 
lOWR, MRD 
lORD, MWR 


Verify — 
(Outputs addresses only. Does not 
perform a transfer.) 








Transfer Modes. In memory-to-1/O transfer, the mode 
control register selects the single, demand, or block 
mode of DMA transfer for each channel. The conditions 
for the termination of each transfer characterize each 
transfer mode. Memory-to-memory transfers have no 
relationship to single, demand, or block mode. Memory-to- 
memory transfers are a separate and distinct type of 
transfer mode. Table 3 shows the various transfer 
modes and termination conditions. 


Table 3. Transfer Termination 


Transfer Mode End of Transfer Conditions 








Single After each byte/word 

Demand END input 
Generation of terminal count 
When DMA request of the channel in service 
becomes inactive 
When DMA request of a channel in higher priority 
becomes active (bus hold mode) 

Block END input 
Generation of terminal count 

Memory-to- END input 

memory Generation of terminal count 


Bus Modes. The device control register selects either 
the bus release or bus hold mode. The bus mode 
determines when the yPD71071 returns the system bus 
to the CPU. The uwPD71071 can be in either the release 
or hold modes for the single, demand, or block mode 
transfers. Therefore, there are six possible mode 
combinations. 
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Figure 4 shows that in bus release mode, only one 
channel can receive service after obtaining the bus. 
When DMA service ends (end of transfer conditions 
depend on the transfer mode), the channel returns the 
bus to the CPU (regardless of the state of other DMA 
requests) and the wPD71071 enters the idle cycle. 
When theyPD71071 regains use of the bus, anew DMA 
operation begins. 


Figure 4. Bus Modes 
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in bus hold mode, several channels can receive service 
without releasing the bus after obtaining it. If there is 
another valid DMA request when a channel’s DMA 
service is finished, the new DMA service can begin 
after the previous service without returning the bus to 
the CPU. End of transfer conditions depend on the 
transfer mode. A channel cannot terminate (end count) 
a transfer mode and immediately start on its next set of 
transfers. There must be another DMA channel service 
interleaved or the wPD71071 will put in an idle cycle. 
The following shows an example of the possible se- 
quences for Channel 2. 


CHAN2 > CHANn (n = 0,1,3) > CHAN2 
Or, 
CHAN2 > idle > CHAN2 


The operation of single, demand, and block mode 
transfers depends on whether the wPD71071 is in bus 
release or bus hold mode. In bus release mode, only 
one type of bus mode (single, demand, or block) is 
used each time the wPD71071 has the bus. In bus hold 
mode, multiple types of transfers are possible. Channel 
0 might operate in the demand mode, and channel 1, 
which could get the bus immediately after channel 0, 
could operate in block mode. 


Single Mode Transfer 


In bus release mode, when a channel completes the 
transfer of a single byte or word, the wPD71071 enters 
the idle cycle regardless of the state of the DMA 
request inputs. In this manner, other devices will be 
able to access the bus on alternate bus cycles. 
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In bus hold mode, when a channel completes the 
transfer of a single byte or word, the wPD71071 
terminates the channel’s service even if it is still 
asserting a DMA request signal. The wPD71071 will 
then service the highest priority channel requesting 
the bus. If there are no requests from any other 
channel, the uPD71071 releases the bus and enters the 
idle cycle. 


Demand Mode Transfer 


In bus release mode, the currently active channel 
continues its data transfer as long as the DMA request 
of that channel is active, even though other DMA 
channels are issuing higher priority requests. When 
the DMA request of the serviced channel becomes 
inactive, the ~PD71071 releases the bus and enters the 
idle state, even if the DMA request lines of other 
channels are active. 


In bus hold mode, when the active channel completes 
a single transfer, the .PD71071_ checks DMA request 
lines (other request lines when END or TC, all request 
lines including the last serviced channel when there is 
no END or TC). If there are active requests, the 
uPD71071 starts servicing the highest priority channel 
requesting service. If there is no request, the .PD71071 
releases the bus and enters the idle state. 


Block Mode Transfer 


In bus release mode, the current channel continues 
data transfer until a terminal count or the external END 
signal becomes active. During this time, the wPD71071 
ignores all other DMA requests. After completion of 
the block transfer, the wPD71071 releases the bus and 
enters the idle cycle even if DMA requests from other 
channels are active. 


In bus hold mode, the current channel transfers data 
until a terminal count or the external END signal 
becomes active. When the service is complete, the 
uPD71071 checks all DMA requests without releasing 
the bus. If there is an active request, the wPD71071 
immediately begins servicing the request. The 
uPD71071 releases the bus after it honors all DMA 
requests or a higher priority bus master requests the 
bus. 


Figure 5 shows the operation flow for the six possible 
transfer and bus mode operations in DMA transfer. 


Byte/Word Transfer 


If the initialize command selects a 16-bit data bus 
width, the mode control register can specify DMA 
transfer in byte or word units for each channel. Table 
4 shows the update of the address and count registers 
during byte/word transfer. 
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Table 4. Address and Count Registers 





Register Byte Transfer Word Transfer 
Address +1 +2 
Count —1 —1 


During word transfers, two bytes starting at an even 
address are handled as one word. If word transfer is 
selected and the initial value of the set address is odd, 
the uPD71071 will always decrement that address by 1, 
thus making the address even for the data transfer. For 
this reason, it is best to select even addresses when 
transferring words, to avoid destroying data. Ag and 
UBE control byte and word transfers. 


Table 5 shows the relationship between the data bus 
width, Ag and UBE signals, and data bus status. 


Table 5. Data Bus Status 





Data Bus Width Ag BE Data Bus Status 
8 bits X 1 (1) D7-Dp valid byte 
16 bits 0 1 D7-Dp valid byte 
i os 0 | Dis-Dg valid byte 
. \ 0 —-Dyg-Do valid word 
Note: 


(1) Always 1 for an 8-bit bus. 


Compressed Timing 


In transfers between I/O and memory, a DMA transfer 
cycle is normally executed in four clocks. However, 
when the device control register selects compressed 
timing, one DMA cycle can be executed ina three-clock 
bus cycle. Compressed timing may be used in the 
release or hold modes when doing block transfers 
between I/O and memory. In the demand mode, only 
use compressed timing in the bus release mode. 
Compressed timing mode increases data transfer rates 
by 33%. 


The uPD71071 is able to omit one clock period during 
compressed timing by not updating the upper 16 bits 
of the latched address. In block mode and demand bus 
release mode, addresses are output sequentially and 
the upper 16 bits of addresses latched in external 
latches need not be updated except after a carry or 
borrow from A7 to Ag. For this reason, during compres- 
sed timing, the Si state (output of upper 16 bits of an 
address for external latching) is omitted in the bus 
cycles except during the first bus cycle when the upper 
16 bits of an address are changed. Figure 6 shows one 
word waveforms for normal and compressed timing. 
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Figure 5. Transfer and Bus Modes Operations 
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Figure6. Normaland Compressed Timing Waveforms 
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Software DMA Requests 


The wPD71071 can accept software DMA requests in 
addition to DMA requests from the four DMARQ pins. 
Setting the appropriate bit in the request register 
generates a software DMA request. The mask register 
does not mask software DMA requests. Software DMA 
requests operate differently depending on which bus 
or transfer mode is used. 


Bus Mode. When bus release mode is set, the highest 
priority channel among software DMA requests and 
DMARQ pins is serviced, and all bits of the request 
register are cleared when the service is over. Therefore, 
there is achance that other software DMA requests will 
be cancelled. 


When bus hold mode is set, only the corresponding bit 
of the request register is cleared after a DMA service is 
over. Therefore, all software DMA requests will be 
serviced in the sequence of their priority level. 


Software DMA requests for cascade channels (see 
Cascade Connection) must be performed in bus hold 


mode. When acascade channel is serviced, the master — 


uPD71071 operational mode is changed to bus release 
mode temporarily and all bits of the request register 
are cleared when the cascade channel service is over. 
To avoid this, it is necessary to mask any cascade 
channels before issuing a software DMA request. After 
confirming that all DMA software services are complete 
and all bits of the request register are cleared, the 
cascade channel masks can be cleared. 


Transfer Mode. When single or demand mode is set, 
the applicable request bits are cleared and software 
DMA service ends with the transfer of one byte/word. 
When block mode or memory-to-memory modes are 
set, service continues until END is input or a terminal 
count is generated. Applicable request bits are cleared 
when service ends. 
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Autoinitialize 


When the mode control register is set to autoinitialize a 
channel, the wPD71071 automatically initializes the 
address and count registers when END is input ora 
terminal count is generated. The contents of the base 
address and base count registers are transferred to the 
current address and current count registers, respect- 
ively. The applicable bit of the mask register is 
unaffected. The applicable bit of the mask register is 
set for channels not programmed for autoinitialize. 


The autoinitialize function is useful for the following 
types of transfers. 


Repetitive Input/Output of Memory Area. Figure 7 
shows an example of DMA transfer between a CRT 
controller and memory. After setting the value in the 
base and current registers, autoinitialize allows re- 
petitive DMA transfer between the CRT controller and 
the video memory area without CPU involvement. 


Continuous Transfer of Several Memory Areas. The 
CPU can indirectly write to the address or count 
registers by writing to the base registers. New values 
can be written to the base registers. In the autoinitialize 
mode, the value in the base register will be transferred 
to the address/count registers when termination is 
reached in the address/count registers. Because of 
this, the autoinitialize function can perform continuous 
transfer of several contiguous or noncontiguous mem- 
ory areas during single or demand bus release modes 
in the following manner. 


During the transfer of data in area 1 (the first area being 
transferred), the CPU can write address and count 
information about area 2 (the second area to be 
transferred). Generation of a terminal count for area 1 
results in the transfer of information of area 2 to the 
address and count registers. This will cause area 2 to 
be transferred. Figure 8 illustrates this procedure. 


Channel Priority 


Each of the wPD71071’s four channels has its own 
priority. When there are DMA requests from several 
channels simultaneously, the channel with the highest 
priority will be serviced. The device control register 
selects one of two channel priority methods: fixed and 
rotational priority. In fixed priority, the priority (starting 
with the highest) is channel 0, 1, 2, and 3, respectively. 
In rotational priority, priority order is rotated so that 
the channel that has just been given service receives 
the lowest priority and the next highest channel 
number is given the highest priority. This method 
prevents exclusive servicing of some channel(s). 
Figure 9 shows the two priority order methods. 


19 





yuPD71071 


NEC 





Figure 7. Autoinitialize Application 1 
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Cascade Connection 


The uwPD71071 can be cascaded to expand the system 
DMA channel capacity. To connect a wPD71071 for 
cascading (figure 10), perform the following operations. 


(1) Connect pins HLDRQ and HLDAK of the second- 
stage (slave) uPD71071 to pins DMARQ and DMAAK 
of any channel of the first-stage (master) 
uPD71071. 


(2) To select the cascade mode of a particular channel 
of a master wPD71071, set bits 7 and 6 of that 
channel’s mode control register to 11. 


When a channel is set to the cascade mode in a master 
uPD71071, DMARQ, DMAAK, HLDRQ, HLDAK, and 
RESET are the only valid signals in the master 
uPD71071. The other signals are disabled. The master 
cascade channel only intermediates hold request/hold 
acknowledge between the slave and CPU. 


The master wPD71071 always operates in the bus 
release mode when a cascade channel is in service 
(even when the bus hold mode is set). Other DMA 
requests are ignored while a cascade channel is in 
service. When the slave uvPD71071 ends DMA service 
and moves into an idle cycle, the master also moves to 
an idle cycle and releases the bus. At this time, all bits 
of the master’s request register are cleared. The master 
operates its non-cascaded channels normally. 


Figure 10. Cascade Connection Example 


uPD71071 


Bus Wait Operation | 


In systems using a uwPD70208/70216 (V40/V50) as the 
CPU, the refresh control unit in the CPU changes the 
HLDAK signal to inactive (even during a DMA cycle) 
and uses the bus. Here, the wPD71071 automatically 
performs a bus wait operation. This system has a bus 
master (V40/V50) whose priority level is higher than 
that of the 4PD71071. 


The uPD71071 executes the bus wait operation when 
the HLDAK signal becomes inactive in an operating 
mode where transfer is executed continuously in block 
mode, during demand bus release mode, or during 
memory-to-memory transfer. 


When HLDAK becomes inactive during service in other 
operating modes, the operation returns to the idle 
cycle and transfers control of the bus to the higher bus 
master. 


Figure 11 shows that when the HLDAK signal becomes 
inactive during a continuous transfer, the 4PD71071 is 
set up in an S4w state (bus wait). Operation moves to 
the idle cycle if DMARQ is inactive in the demand 
mode. The HLDRQ signal is made inactive for a period 
of about two clocks and the bus is released. The S4w 
state is repeated until the HLDAK signal again becomes 
active and the interrupted service is immediately 
restarted. 
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Figure 11. Bus Wait Operation 
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Programming the .PD71071 


To prepare achannel for DMA transfer, you must select 
the following characteristics. 


State 49-000529A 


Initialize 


Use the initialize command as a software initialize to 


the uPD71071 or to set the width of the data bus. When 
using a 16-bit CPU, set the data bus width to 16 bits 


. Se pri eyent a tad first. Figure 12 shows the initialize command format. 

e@ DMA operating modes Bit 0. When the RES bit is set, the internal state of the 
e@ Data bus widths uPD71071 is initialized and will be the same as when a 
@ Active levels of the DMARQ and DMAAK signals hardware reset is used (except for data bus width 


When reading from or writing to a w~PD71071 internal 
register, address lines A3-Ag select the register, |ORD 
or IOWR select the data transfer direction, and CS 
enables the transfer. Table 6 shows the register and 
command configurations. 






































selection). A software reset leaves bit 16B intact 
whereas a hardware reset selects the 8-bit data bus. 
After initialization, the registers are as in table 8 and the 
RES bit is cleared automatically, 


Table 8. Register Initialization 
































Table 6. Register Configuration Register Initialization Operation 

Register Bit size Initialize Clears bit 0 only 

Channel 5 Address No change 

Base address 24 (4) Count No change 

Current address 24 (4) Channel Selects channel 0, current and base 
Base count 16 (4) Mode control Clears all bits 

Current count 16 (4) Device control Clears all bits 

Mode contro! 7 (4) Status Clears bits 3-0 only 

Device control . 10 Request Clears all bits 

Status 8 Mask Sets all bits (masks all channels) 
Request 4 Temporary Clears all bits 

Mask 4 

Temporary 16 Bit 1. The 16B bit determines the data bus width. When 


Note: 


When using a 16-bit CPU and selecting a 16-bit data bus, the word 
IN/OUT instruction can be used to read/write information two bytes 
at a time. However, commands in table 7 suffixed with B must be 
issued with the byte IN/OUT instruction. 
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using the wPD71071 in a 16-bit system, set this bit 
immediately after a hardware reset since a hardware 
reset always initializes it to the 8-bit data bus mode. 
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Table 7. Command Configuration 
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Figure 12. Initialize Command Format 
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Channel Register Base = 1. Only the base registers may be read or 


This command reads and writes the channel register ween 


that selects one of four DMA channels for programming 
the address, count, and mode control registers. 
Figure 13 shows the channel register read/write format. SELCH. This bit selects the channel to be programmed. 


Channel Register Write 


BASE. Base = 0. The current register may be read. 
During a write, the base and current registers will be 
SEL3-SELO. These mutually exclusive bits show which written to simultaneously. 

of the four channels is currently selected for 
programming. 


Channel Register Read 


Base = 1. Only the base registers may be read or 
written to. . 

BASE. Base = 0. The current register may be read. 

During a write, the base and current registers will be 

written to simultaneously. 
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Figure 13. Channel Register Format 
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Channel Register Write 
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Count Register Read/Write 


When the 16-bit bus mode is selected, the IN/OUT 
instruction can directly transfer 16-bit data. The 
channel register selects one of the count registers. 





When bit 2 of the channel register write is cleared, a. 


write to the count register updates both the base and 
current count registers with the new data. If bit 2 of the 
channel register write is set, a write to the count 
register only affects the base count register. 


The base count registers hold the initial count value 
until a new count is specified. If autoinitialize is 
enabled, this value is transferred to the current count 
register when an END or TC.is generated. For each 
DMA transfer, the current count register is decre- 
mented by one. Figure 14 shows the count register 
read/write format. 


Address Register Read/Write 


When a 16-bit data bus width is selected, the IN/OUT 
instruction can directly transfer the lower two bytes 
(4H and 5H) of the register. You must use the byte 
IN/OUT instruction with the upper byte (6H) of the 
register. The channel register selects one of the address 
registers. When bit 2 of the channel register is cleared, 
a write to the address register updates both the base 
and current address registers with the new data. If bit 2 
of the channel register is set, a write to the address 
register only affects the base address register. 
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The base register holds the starting address value until 
a new setting is made and this value is transferred to 
the current address register during autoinitialization. 











- For each DMA transfer, the current address register is 


updated +2 during word transfer and +1 during byte 
transfer. Figure 15 shows the address register read/ 
write format. 


Device Control Register Read/Write 


The device control command reads from and writes to 
the device control register. When using a 16-bit data 
bus, use the word IN/OUT instruction to read and write 
16-bit data. Figure 16 shows the device control register 
read/write format. 
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Figure 14. Count Register Read/Write Format Figure 15. Address Register Read/Write Format 
_ 
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2H C7 Cé Cs C4 C3 Co Cr Co In/Out Ao In/Out 
7 6 5 4 3 2 1 0 


3H | Cis Cig C13. «Cig, C14 C19 Cg Cg | In/Out 





83-001951A 





In/Out 
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Figure 16. Device Control Register Read/Write Format 
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Compressed | Normal 
Timing [3] [71 


Rotational [Fixed 
Priority 1 | Rotational 
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Writing [4] Extended 


DMARQ 
Active Level 1 
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Note: 

[1] This bit is only used when MTM = 1, [memory-to-memory transfers]. 

[2] Disables HLDRQ to the CPU to prevent incorrect DMA operation while the 
uPD71071's registers are being initialized or modified. 


[3] When 1, causes the PD71071 to use compressed timing in the demand bus 
release mode or in the block mode. 

[4] When EXW Is 0, the write signal becomes active [normal write] during S3 and SW. 
When 1, the write signal becomes active during $2, $3, and SW. 
See figures 27-29. 


[5] This bit enables or disables the wait state generated by the READY signai 
during a verify transfer. 
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Mode Control Register Read/Write 


This command reads from and writes to the mode 
control register to specify the operating mode for each 
channel. The channel register selects the mode control 
register to be programmed. This command must be 
issued by the byte iN/OUT instruciion. Figure 17 
shows the mode control register read/write format. 


Status Register Read 


This command reads the status register for the in- 
dividual DMA channels. The register has DMA request 
states and terminal count or END information. This 
command must be issued by the byte IN instruction. 
Figure 18 shows the status register read format. 


Temporary Register Read 


When a 16-bit data bus is selected, the IN instruction 
will read 16-bit data with this command. The last data 
transferred in memory-to-memory transfer is stored in 
the temporary register. Figure 19 shows the temporary 
register read format. 


Request Register Read/Write 


This command reads from and writes to the request 
register to generate DMA requests by software for the 
four corresponding DMA channels. This command 
may be issued by the byte IN/OUT instruction. 
Figure 20 shows the reguest register read/write format. 


Figure 17. Mode Control Register Read/Write Format 


Note: 
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Mask Register Read/Write 


This command reads from and writes to the mask 
register to mask or unmask external DMA requests for 
the corresponding four DMA channels (DMARQ3- 
DMARQ0). This command may be issued by the byte 


IRIIANL UT SA nse nti i i 
IN/OUT instruction. Figure 21 shows the mask register 


read/write format. 


DMA Transfer Modes 


Figures 22-27 show state transition diagrams for the 
different modes of DMA transfer. 


Figure 23 shows the state of a master uPD71071 when 
an input from a slave wPD71071 (cascaded wPD71071) 
is using the system bus. 


Transfer Timing 
Figures 28-30 show uPD71071 timing waveforms. 


Examples of System Configuration 


Figures 31-32 show system configuration examples 
using the 8- bitu~PD70108 CPU and the 16-bit 4.PD70116 
CPU. The yPD71082 externally latches addresses and 
data. 
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[Enable 
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Word/byte 
Transfer {1] 


Transfer 
Direction [2} 


Auto- 
initialize [3] 


Address 
Direction [4] 


Transfer 
Mode [5] 


[1] This bit selects byte or word transfer for DMA transfers. This bit is used only 


in 16-bit data bus mode. 


[2] These bits select the DMA transfer direction between memory and I/O. These bits 
are meaningless during memory-to-memory transfer. 


[3] Channel! 0 and 4 must have the same AUTI bit value when performing 


memory-to-memory transfer. 


[4] This bit decides the update direction of the Current Address Register. When ADIR is 0, 
the register increments by 1 for a byte transfer and by 2 for a word transfer. When ADIR is 1, 
the register decrements by 1 for a byte transfer and by 2 for a word transfer. 


[5] These bits select the transter mode during DMA transfer between memory and I/O and are 


meaningless during memory-to-memory transfer. 
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Figure 18. Status Register Read Format 


4 tt) 


g 3 
opr [ROs | RO2] AGr [RG0 | Tes [ree] Ter] Teo] Iw ceyteony) 
fe ee | 
Terminal | 0 | Not ended (for each read) | 
Count 


END or terminal 
count 


| 0 | No DMA request active 


DMA 

Request External DMA 

(1] request present 
Note: 


[1] Bits RQ3-RQpo will be set if an external hardware DMA request is pending even if 
its request bit is masked. Software-generated DMA requests, hardware reset, and 
software reset will not affect these bits. 





49-0006078 





Figure 19. Temporary Register Read Format 





7 6 5 4 30. “2 1 0 
ODH| 15) «=6T14 0T13,'—sT12,—s—sT41——s«*T10—«*STT'd Tg jin 
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Figure 20. Request Register Read/Write Format 





2 


7 1 0 
ocx | — | — | — | — J[sras]sraz] srar{ srao} in/out (Byte only) 
ae 


Software DMA| 0 | Reset 
Request [1] [if set | 
Note: 


[1] In memory-to-memory applications, only bit SRQO will be cleared 
at terminal count or when an END input is present. 





83-001887B 


Figure 21. Mask Register Read/Write Format 


0 


7 6 5 4 
ort [ — | — | ~ | = [ms [ m2 [ mt] wo | invour (eyte only) 
So 
DMARQ — | 0 | Not masked | 


Maskit) Ts [waskea | 


Note: 


{1] In memory-to-memory applications, only bits MO and M1 will be set 
at terminal count or when an END input is present. 





49-000609B 
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Figure 22. Idle Cycle 


DMARQ? 


Memory- 
to-Memory? 


28 





DMA request idle cycle 


HLDAK wait state 
Address latch state 
Read signal output state 
Write signal output state 


Read/ Write signal recovery 
state 


READY wait state 
Bus wait state 
Memory-I/O Transfer 


Memory-to-Memory Transfer 


DMARQ and HLDAK inputs present 


49-000531B 


NEC uPD71071 


Figure 23. DMA Cycle, Cascade Mode Figure 24. DMA Cycle, Single Mode 


Channel 
DMARQ? 





Bus Hold? 
iP: 
from Other 


Channel? 
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uPD71071 NEC 


Figure 25. DMA Cycle, Demand Mode 





Y 
N 
END Flag Set 


Y 
N Y 
Bus Hold? (si. 
N Y 


- Other 


N Channel 
















DMARQ? 
Channel 


Y 





Note: 
[1] Carry or borrow to upper two bytes of address? 
49-000534C 
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NEC uPD71071 


Figure 26. DMA Cycle, Block Mode 


END Flag Set 


N 
Bus Hold? 
Y 
ee 
Channel 


DMARQ? 


Compressed 


Y 
; Timing? 
: 
Y 


© 


Note: 
[1] Carry or borrow to upper two bytes of address? 
49-000535C 
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Figure 27. DMA Cycle, Memory-to-Memory Transfer 


$11-S$14: Channel 0 Operation 
$21-S24: Channel 1 Operation 





Y 
END Flag Set 






END Flag Set 








Other 
Channel 
DMARQ? 


83-001674C 
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E | uPD71071 


Figure 28. Memory-!/O Transfer, Normal Timing 





ASTB 





Azg-Ag [1] 

















A7-Ao 





i 
i 
i 
Uf 
: 


nace 
it 
ia 
Lee 
Pipl 








_ 


eects a 
ee eae ee 








i 








7 


TC Output 








[1] When an 8-bit data bus is selected, D;5-Dg are not used. Therefore, Az3-Ai¢ are 
not multiplexed address/data signals and will have the same timing as A7-Ao. 


[2] The broken lines of the write signal are for extended write timing. 





49-000537C 
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uPD71071 N. E 


Figure29. Memory-!/O Transfer, Compressed Timing 









SSOP EE 


pace ee 
ye Saez enate =. 
Arbo +; 4 che 








iOWR [MWR] saul hah 
ee ee 


END input TC Output 





Note: 
{1} When an 8-bit data bus is selected, D15-Dg are not used. Therefore, Az3-Ajg are 
not multiplexed address/data signals and will have the same timing as A7-Ao. 
{2] The broken lines of the write signal are for extended write timing. 
49-000538C 
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Figure 30. Memory-to-Memory Transfer 


wn 
= 
Nn 


CLK 


ASTB 


D15/A23-Do/Ag [1] 


A7-Ao 


oo 























Note: 


{1] When an 8-bit data bus is selected, D15-Dg are not used. Therefore, A23-A1§ 
are not multiplexed address/data signals and will have the same timing as A7-Ag. 


[2] The broken lines of the MWR signal are for extended write timing. 
49-000539B 





Figure 31. END/TC Input/Output 





TC (Output) 


END (Input) 
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Figure 32. System Configuration with uPD70108 





uPD71082 x 3 






Ai9-A16 


HLDAK HLDRQ 





A19-A16 
FDI [>fe) 


























HLDAK HLDRQ 


A7-Ao 


A15-Ag/D7-Do 


uPD71071 


A23-A16 
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uPD71082 








Address Bus 
A19-Ao 


Data Bus 
D7-Do 


-001673C 
83-00 





KE uPD71071 


Figure 33. System Configuration with uPD70116 
#PD71082 x 3 


UBE, A19-A16 


Address Bus 
AD15-ADg UBE, A19-Ao 
yPD70116 


AD7-ADo 
A19-Ag, UBE 
ASTB 
HLDAK HLDRQ 


Data Bus 
D15s-Do 


HLDAK HLDRQ 
A7-Ao 


A15-Ag/D7-Do 


uPD71071 


A19-Ag, UBE 





A23-A1g/Di5-Dg 
UBE AEN ASTB 


83-001672C 
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NEC 


NEC Electronics Inc. 


Description 


»PD71082 and »PD71083 are CMOS 8-bit transparent 
latches with three-state output buffers. They are used as 
bus buffers or bus multiplexers in microprocessor sys- 
tems. Their high-drive capability makes them suitable for 
data latch, buffer, or I/O port applications. 


Features 


Oo oO O 0 6 


CMOS technology 

8-bit parallel data register 

Three-state output buffer 

High drive capability output buffer (lol = 12 mA) 


pPD8085A, 8048, 8086, 8088, 1.PD70108/116, and 
p»PD70208/216 system compatible 


pPD71082 — non-inverted output; 
pPD71083 — inverted output 


Single +5 V 10% power supply 


Q Transparent operation 
O Industrial temperature range: —40 to +85°C 


Ordering Information 


Part Number Package Output 
p»PD71082C 20-pin plastic DIP Non-inverted 
p.PD71082G 20-pin plastic SOP 

pPD71083C 20-pin plastic DIP Inverted 
pPD71083G 20-pin plastic SOP 


50150 


pPD71082, 71083 
8-Bit Latches 


Pin Configurations 


20-Pin Plastic DIP 








19 1) DOo/DO0 
18 DO1/D01 
1710 DO2/DO2 
16 [ DO3/D03 
15 F) DO4/DO4 
1410 DOs/DO5 
13 [7] DO¢/DO¢6 
1217 DO7/D07 


o” 
J 
~ 
N 
© 
o 
aa 
~ 
a 
a 
a 


83-000225A 


DO2/D02 
DO3/D03 


uPD71082/83 


DOs/DO5 
DO¢/DO¢6 


83-004227A 


Pin Identification 


Symbol 
Dio-Diz 


DOp-DO,/ 
DODO, 


STB 
OE 

Vpp 
Vss 


Function 
Data input, bits 0-7 


Data output, bits 0-7; non-inverted (uPD71082) 
or inverted (uPD71083) 


Strobe input 

Output enable input 
+5 V power supply 
Ground 


yPD71082, 71083 


NEC 





PIN FUNCTIONS 
Dio-Dl7 (Data Input) 


Dip-Dl7 are data input lines to the 8-bit data latch. Data 
on DI lines passes through the latch while STB is high. 
The data is latehed to DO/DO with the falling edae of 
STB. 


DO -D07/D0o-D0, (Data Output) 


DO -DO7/D09-DO; are the three-state data output lines 
from the 8-bit data latch. When OE is high, these lines go 
into the high-impedance state. When OE is low, data 
from the latch is output, either non-inverted (1PD71082) 
or inverted (uPD71083). 


STB (Strobe) 


STB is the input strobe signal for the 8-bit latch. When 
STB is high, data on the DI lines passes through the 8-bit 


Block Diagram 


latch. Data is latched on the falling edge of STB. When 
STB is low, the DO9-DO7/DO9-DO7 outputs do not 
change. 


OE (Output Enable) 


SE input is the output enable signal for the three-state 
DO/DO lines. When OE is high, DO/DO lines are high 
impedance. When OE is low, data from the 8-bit latch is 


output to DO9-DO7/D09-DOr. See table 1. 


Table 1. Latch Operation 
STB OF DO0,-D0,/D0)-D0, 8-Bit Data Latch 
Low Low  Latched data from 8-bit DI line data has been 


Gata latch is enabled latched with falling edge 


High High impedance of STB (high to low) 
High Low Data on DigDiz 


DI passed through to 
High High impedance (D6 


DO 





uPD71082 








yPD71083 











oe 
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FUNCTIONAL DESCRIPTION 


The »PD71082 and »PD71083 are 8-bit data latches 
strobed by the STB signal. They have high-drive capa- 
bility output buffers controlled by the OE signal. Data on 
the DI lines is latched by the trailing edge of STB (high to 
low). When STB is high, data passes through the latch. 
When OE is high, DO lines are high impedance. When OE 
is low, the contents of the latches are output on DOo- 
DO7. The DO lines are isolated from OE switching noise. 


ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings 
Ta ™ 25°C; Vsg = OV 

Power supply voltage, Vop ~0.5 to +7.0V 
1.0 tO Vop + 1V 


~0.5 to Vpp + 0.5V 


Input voltage, V 
Output voltage, Vo 


Power dissipation, Powax, DIP 500 mW 
Power dissipation, Powax, SO 200 mW 
Operating temperature, Topt -40 to +85°C 
Storage temperature, Tstg -65 to + 150°C 


Exposing the device to stresses above those listed in the absolute 
maximum ratings could cause permanent damage. Exposuré to 
absolute maximum ratings for extended periods may affect device 
reliability. 


DC Characteristics 
Ta = -40 to +85°C; Vpp = 5V 10% 


Parameter Symbol Min Max Units Conditions 

Input voltage, = ViH 2.2 V Vo. = 0.45 V 

high Vou = Vpp 
-0.8V 

Input voltage, Vit 08 V VoL =0.45V 

low Vou = Vop 
-08V 

Output voltage, Voy Vop - 0.8 Villon = -4mA 

high 

Output voltage, Vo. 045 VV Io. =12mA 

low 

Input current I -1.0 10 wA V=Vpp, Vss 

Leakage lorr -10 10 pA OE=Vpp 

current, high 

impedance 

Power supply —lpp 80 pA Vi=Vpp. Vss 

current (static) 

Power supply Ippayn 20 mA fin = 10MHz 

current C = 200 pF 

(dynamic) 





pPD71082, 71083 
Capacitance 

Ta = 25°C; Vop = +5V 

Parameter Symbol Min Max Units Conditions 
Input capacitance Cin 12 pF f = 1 MHz 


AC Characteristics 
Ta ™ -40 to +85°C; Vpp = 5 V 10% 





Parameter Symbol Min Max Units Conditions 

Input to toio 5 40 ns__ Loading circuit (a) 
output delay 

STBto output tpsrpo 10 60 ns 

delay 

Data float trcTo 5 30 ns _—_ Loading circuit (b) 
time from OE 

high 

Data output tpcTo 10 40 ns 

delay from OE 

low 

Input to STB tsistB 0 ns _ Loading circuit (a) 
setup time 

Input to STB tustBI 25 ns 

hold time 

STB high tpwsta 20 ns 

pulse width 

Signal rise tLH 20 ns 0.8to2.0V 

time 

Signal fall tHL 12 ns 20t00.8V 

time 


Loading Circuits for AC Testing 


[a] VoL, VOH Outputs [b] Three-State Output 


2.87V 2.87V 


1 4 


Loading Conditions: lo. = 12 mA, lon = —4 mA, CL = 200 pF 


83-000228A 





pPD71082, 71083 N: KE Cc 


Timing Waveforms 








tpsTBO 


83-004216B 


Timing Measurement Points 


Measurement Points 


aay Measurement Points so ae 
0.8V 0.8 V 0.8 V 


83-004211B 
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NEC Electronics Inc. 


Description 


The »#PD71084 is a clock pulse generator/driver for mi- 
croprocessors including the V20® and V30® and their 
peripherals using NEC's high-speed CMOS technology. 


Features 


0 CMOS technology 


Q Clock pulse generator/driver for 1.PD70108/70116 or 
other CMOS or NMOS CPUs and their peripherals 


QO Frequency source can be crystal or external clock 
input 


Q Reset signal with Schmitt-trigger circuit for CPU or 
peripherals 


QO Bus ready signal with two-bus system 
synchronization 


Q Clock synchronization with other »PD71084s 
QO Single +5 V +10% power supply 
O Industrial temperature range: —40 to + 85°C 


Ordering Information 
Package 


Part Number CLK Out, Max 

pPD71084C-8 8 MHZ 18-pin plastic DIP 
C-10 10 MHz 
G-8 8 MHz 20-pin plastic SOP 


V20 and V30 are registered trademarks of NEC Corporation. 


50190 


pPD71084 
Clock Pulse 
Generator/Driver 


Pin Configurations 


18-Pin Plastic DIP 





15 (1 RDYSYN 


uPD71084 


11 (0 RESIN 





83-001580A 


20-Pin Plastic SOP 









CKSYN 20 O10 Vop 
PRCLK [I] 2 49 [70 x1 
NC O13 48 (10) NC 
REN1 OO] 4 a 17 [Wn x2 
RDY1 O05 3 16 [10] RDYSYN 
READY [IL] 6 S 15 CD EXFS 
RDY2 [11] 7 = 14 O10 F/X 
REN2 (11) 8 13 [10 osc 
CLK O19 12 (1 RESIN 


11 (10) RESET 


83-004153A 











pPD71084 


Pin Identification 





Symbol! Function 

CKSYN Clock synchronization input 
PRCLK Peripheral clock output 

REN1 Bus ready enable input 1 

RDY1 Bus ready input 1 

READY Ready output 

RDY2 Bus ready input 2 

REN2 Bus ready enable input 2 

CLK Processor clock output 

Vss Ground potential 

RESET Reset output 

RESIN Reset input 

Osc Oscillator output 

F/X External frequency source/crystal select 
EXFS External frequency source input 
RDYSYN Ready synchronization select input 
X2 Crystal input 

x1 “Crystal input 

Vpop +5 V power supply 

NC No connection 


_ PIN FUNCTIONS 
X1, X2 (Crystal) 


When the F/X input is low, a crystal connected to X1 and 
X2 will be the frequency source to generate clocks for a 
CPU and its peripherals. The crystal frequency should 
be three times the frequency of CLK. 


EXFS (External Frequency) 


EXFS is the external frequency input in the external TTL 
frequency source mode (F/X high). A TTL-evel clock 
signal three times the frequency of the CLK output 
should be used for the source. 


F/X (Frequency/Crystal Select) 


F/X input selects whether an external TTL-level input or 
an external crystal input is the frequency source of the 
CLK output. When F/X is low, CLK is generated from the 
crystal connected to X1 and X2. When F/X is high, CLK 
is generated from an external TTL-level frequency input 
onthe EXFS pin. At the same time, the internal oscillator 
circuit will stop and the OSC output will be high. 


NEC 


CLK (Processor Clock) 


CLK output supplies the CPU and its local bus peripher- 
als. CLK is a 33% duty cycle clock, one-third the fre- 
quency of the frequency source. The CLK output is 
+0.4 V higher than the other outputs. 


PRCLK (Peripheral Clock) 


PRCLK output supplies a 50% duty cycle clock at one- 
half the CLK frequency to drive peripheral devices. 


OSC (Oscillator) 


OSC outputs a signal at the same frequency as the 
crystal input. When EXFS is selected, the OSC output is 
powered down, and its output will be high. 


CKSYN (Clock Synchronization) 


CKSYN input synchronizes one »PD71084 to other 
p»PD71084s. A high level at CKSYN resets the internal 
counter, and a low level enables it to count. 


RESIN (Reset) 


This Schmitt-trigger input generates the RESET output. 
It is used as a power-on reset. 


RESET (Reset) 


This output is a reset signal for the CPU. Reset timing is 
provided by the RESIN input to a Schmitt-trigger input 
gate and a flip-flop which will synchronize the reset 
timing to the falling edge of CLK. Power-on reset can be 
provided by a simple RC circuit on the RESIN input. 


RDY1, RDY2 (Bus Ready) 


A peripheral device drives the RDY1 or RDY2 inputs to 
signal that the data on the system bus has been received 
or is ready to be sent. REN1 and REN2 enable the RDY1 
and RDY2 signals. 








REN1, REN2 (Address Enable) 


REN1 and REN2 inputs qualify their respective RDY 
inputs. 


RDYSYN (Ready Synchronization Select) 


RDYSYN input selects the mode of READY signal syn- 
chronization. A low-level signal makes the synchroniza- 
tion a two-step process. Two-step synchronization is 
used when RDY1 or RDY2 are not synchronized to the 
microprocessor clock and therefore cannot be guaran- 
teed to meet the READY setup time. A high-level signal 
makes synchronization a one-step process. One-step 


NEC 


synchronization is used when RDY1 and RDY2 are syn- 
chronized to the processor clock. See Block Diagram. 


READY (Ready) 


The READY output signal to the processor is synchro- 
nized by the RDY inputs to the processor CLK. READY is 
cleared after RDY goes low and the guaranteed hold time 
of the processor has been met. 


CRYSTAL 


The oscillator circuit of the u»PD71084 works with a 
parallel-resonant, fundamental mode, “AT-cut” crystal 
connected to pins X1 and X2. 


Figure 1 shows the recommended circuit configuration. 
Capacitors C1 and C2 are required for frequency stabil- 


pPD71084 Block Diagram 








pPD71084 


ity. The values of C1 and C2 (C1 = C2) can be calcu- 
lated from the load capacitance (C,) specified by the 
crystal manufacturer. 


_ C1xC2 


ae 

Ci+ C2 
Cg is any stray capacitance in parallel with the crystal, 
such as the »PD71084 input capacitance C; _ 


+ Cs 


Figure 1. Crystal Configuration Circuit | 


x1 


yPD71084 


83YL-7023A 
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ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings 
Ta = 25°C; Vgg = OV 


Power supply voltage, Vpp -0.5 to + 7.0V 
input voitage, V; -1.0V id Vpp + 1.O¥ 
Output voltage, Vo ~0.5 V to Vpp + 0.5 V 
Operating temperature, Topr —iti(‘é‘é«~*~*« AO RO HOES 
Storage temperature, Tstg - -65 to + 150°C 
Power dissipation, Pp (DIP) 500 mW 
Power dissipation, Pp (SOP) 200 mW 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 


DC Characteristics 
Ta =.—40 to +85°C; Vop = 5V +10% 


Parameter Symbol Min Max Unit Conditions 
Input voltage, high = Vin 2.2 vo 
. 26 ‘ V_ RESIN input 
Input voltage, low Vit 08 V a 
Output voltage, Voy = Vpp - 0.4 V_ CLK output, 
high e lon = -4mA . 
Vpp — 0.8 V lon = -4mA 
Output voltage, low Vo. 0.45 V Io. =4mA 
Input leakage - tin -1.0 1.0 pA 
current -400° 1.0 pA RDYSYN input 
RESIN hysteresis 0.25 Vv 
Power supply Ipp 200 pA 


current (static) 


Power supply 
current (dynamic) 


IppDayn 30 mA fin = 24 MHz 


Capacitance 
Ta = 25°C; Vpop = +5V 


Symbol Min Max Unit Conditions 
f = 1MHz 


Parameter 


Input capacitance Cin 12. pF 


NV E C pPD71084 


AC Characteristics 
Ta = -—40 to +85°C; Vop 5V +10% 














Parameter Symbol Min Max Unit Conditions Parameter Symbol Min Max Unit Conditions 
EXFS high teHEL 16 ns At2.2V CLK to RESET tCLL 40 ns 
EXFS low iia 16 ns AtO.8V Geiey 
; CLK to PRCLK tCLPH 22 ns 
EXFS period ~—_ te_e 40 ns t delay 
TAL eu ey = ee PRCLK ae. 22 ons 
RDY1, 2 setup = tryvcL: 35 ns 1 delay 
t 
TO Sa ee ee eee. VOSO OKT inca 26 Boe 
RDY1, 2 hold to tc_rAyx 0 ns delay 
CUR sc toc. so 2)2~=é<‘a8”:*«* 
RDYSYN setup trsyvci 50 ns delay 
a Signal rise time  tLy 20 ns 0.8 to 2.0V 
RDYSYN hold to tc_rasyx 0 ns (except CLK) 
OO on ae ee ee Signal fall time tut 12 ns 2.0 to 0.8 V 
REN1, 2 setup tajpayv 15 ns (except CLK) 
to RDY1, 2 
— Notes: 
REN1, 2 hold to tco_ayx 0 ns 
CLK J (1) Test points are specified in accordance with V-Series CMOS 
= an eripherals. 
CKSYN setup to tyyerH 20, ns aus 
(2) Test points are specified in accordance with the uPD8284. 
EXFS 
CKSYN hold to. teyyi 20 eae (3) tpypL + tp_py total must meet a minimum of 250 ns. 
EXFS 
CKSYN width Hv. tte MS Ss Timing Waveforms 
RESIN setup to tlyHCL 65 ns 
CLK AC Test Input (Except RESIN ) 
RESIN hold to tcLiH 20 ns 
CLK 
—_—_— eras eee ahs 2.2V Test Point 2.2V 
CLK cycle tcLoi 125 ns 0.8V este omits 0.8V 
period 0.45 V 
CLK high tCHCL a4 ns 3V, fosc = RESIN: Input high level 3.00 V Measurement point 2.6 V 
24 MHz input low level 0.45 V Measurement point 0.8 V 
(Note 1) 83-004046A 
1/3 (tcLcL) +2 ns 1.5V, fosc 
s 24MHz AC Test Output (Except CLK) 
(Note 2) 
CLK low tCLCH 68 ns 1.5V, fosc 
= 24MHz Test Points 
(Note 1) 
2/3 (tcrcL) -15 ns 1.5V, fosc stedanaia 
<= 24MHz 
(Note 2) CLK Output 
CLK rise and story, tcHL 10 ns 1.5to 3.5V, 
tall time 3.5 to 1.5V 
PRCLK high tpHPL totic. — 20 ns_ (Note 3) 
PRCLK low tpLPH tctcL — 20 ns_ (Note 3) 
READY inactive tpyic. 8 ns 
to CLK J 
READY active  tryHcH 8 ns 
to CLK T 


83YL-7024A 
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CLK, RESET Signals 








[Note1} 
—+] 






{Note 2] 





PRCLK 








tEHYL —+ 





CKSYN 


RESET 


Note: 


“{1] VIN to 0.8 V or 2.2 V to VIN 
[2] 1.5 V to 3.0 Vor3.0Vto15V 


83-000198B 











yPD71084 





READY Pin (RDSYN = High) 


RDY1, RDY2 


REN1, REN2 


RDYSYN 
tRYLCL 


83-000199B 





READY Pin (RDSYN = Low) 








triVCL 






RDY1, RDY2 







REN1, REN2 













RDYSYN 





tRYLCL 
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Test Circuit for CLK High or Low Time Test Circuit for CLK to READY 
(Crystal Oscillation Mode) (EXFS Oscillation Mode) 












Pulse 
Generator 


Pulse 
Generator 





83-004173A 


Test Circuit for CLK to READY 
(Crystal Oscillation Mode) 


83-004176A 


Loading Circuits 


Output except CLK 


Pulse 


Generator C_ = 30 pF 


J, 


83-004177A 





83-004174A 


Test Circuit for CLK High or Low Time 
(EXFS Oscillation Mode) 


Pulse 


Generator 
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NEC Electronics Inc. 


Description 


#PD71086 and »PD71087 are 8-bit, bidirectional bus 
buffer/drivers with three-state outputs. The system bus 
outputs are noninverted (uPD71086) or inverted 
(uPD71087). These devices are used to expand CPU bus 
drive capability. The input/output lines are isolated from 
OE and BUFR/W switching noise. 


Features 


O CMOS technology 

Bidirectional 8-bit parallel bus buffer 
Three-state output 

High system bus-drive capability (lo. = 12 mA) 


Compatible with »PD70108/116, »PD70208/216, and 
other CMOS or NMOS designs 


O pPD71086: noninverted system bus output 
p»PD71087: inverted system bus output 


QO Single +5 V +10% power supply 
© Industrial temperature range: -40 to +85°C 


Oo Bb OG O 


Ordering Information 


Part Number Package Output 
p.PD71086C 20-pin plastic DIP (800 mil) Noninverted 
G 20-pin plastic SOP 
#PD71087C 20-pin plastic DIP (800 mil) Inverted 
G 20-pin plastic SOP 
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éMPD71086, 71087 
8-Bit Bus Buffer/Drivers 


Pin Configurations 


20-Pin Plastic DIP and SOP 





Pin Identification 


Symbol Function 

LB7-LBo CPU tocal I/O data bus, bits 7-0 ; 

SB7-SBo/SB7-SBp System I/O data bus, bits 7-0; noninverted 
(4PD71086) or inverted (uPD71087) 

OE Output enable input 

BUFR/W Buffer read/write input 

Vop +5 V power supply 

Vss Ground ;  5j | 





HPD71086, 71087 


PIN FUNCTIONS 
LB7-LBo (Local Data Bus) 


LB7-LBy are three-state inputs/outputs that connect to 
the CPU local data bus. They move data between the 
ADE anA mamaw, HANA A le Nata road/ 
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write mode is controlled by the BUFR/W signal input. 
SB7-SBo/SB7-SBp (System Data Bus) 


$B,7-SB)/SB7-SBy are three-state inputs/outputs that 
connect to the system bus, along with the memory, I/O, 
or other peripherals. The »PD71086 causes no signal 
inversion, the »PD71087 inverts the signal. Input/output 
condition is determined by BUFR/W status. See table 1. 


»PD71086, 71087 Block Diagram 


uPD71086 
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OE (Output Enable) 


OE input controls the output buffers. When OE is high, all 
output buffers go to the high-impedance state. When OE 
is low, data is output from the buffers specified by the 
BUF R/W signal. 


BUFR/W (Buffer Read/Write) _ 


The data read/write mode is controlled by the BUFR/W 
signal input. When BUFR/W is high, LB lines are inputs 
and SB lines are outputs. When BUFR/W is low, SB lines 
are inputs and LB lines are outputs. See table 1. 


Table 1. Data Read/Write Mode 
OE BUFR/W LBPins SB/SBPins Mode 


Low Low Output Input System bus to local 


bus 


Low High Input Output Local bus to system 


bus 


High Don'tcare High-Z High-Z 
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ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings 
Ta= 25°C; Vss =OV 

Power supply voltage, Vpp -0.5 to +7.0V 
-1.0 to Vpp + 1.0V 


-0.5 to Vpp + 0.5V 


Input voltage, V, 
Output voltage, Vo 


Power dissipation, Pp 


DIP 500 mW 
SOP 200 mW 
Operating temperature, Topr -40 to +85°C 


Storage temperature, Tste -65 to +150°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 


Capacitance 

Ta = 25°C; Vpop = +5 V 

Parameter Symbol Min Max Units Conditions 
Input capacitance Cin 24 pF fo = 1MHz 


DC Characteristics 
Ta = —45 to +85°C; Vop = 5 V £10% 





Parameter Symbol Min Max Units Conditions 
Input voltage high Vin 2.2 Vv 

Input voltage low Vit 08 iV 

Output voltage Von Vpopo Vo lon =-4mMA 
high -0.8 

Output voltage low = Vo, 045 V_ LB, lop = 4mA™ 
Output voltage low = Voy 045 V_ SB, Io, = 12mA 
Input leakage ie 1.0 10 wA V;=Vpp, Vss 
current 

Leakage current, lop- -10 10 pA OE=Vpp 

high impedance 

Power supply lpp 80 pA Vi=Vpp:; Vss 
current (static) 

Power supply IpDayn 40 mA fin = 2MHz 


current (dynamic) 


AC Characteristics 
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Ta = —40 to 85°C; Vpp = 5 V +10% 


Parameter Symbol 
Input to output tp1o 
delay 

BUFR/W hold tHcoTRW 
time from OE 

BUFRW setup — tsnwor 
time to OE 

Data float time tecTo 
from OE 

Data output tpcto 


delay from OE 
Signal risetime tp 
Signal fall time te 


Min Max Units 


5 40 ns 
5 ns 
10 ns 
5 30 =2o.ns 


10 40 ns 


20 ns 
12 ns 


Loading Circuit for AC Test 


LB to $8/SB 


(1] 


Out | Out 


SB/SB to LB 


(1 





Conditions 


Load (1), (1') 
and (2), (2’) 


- Load (3) and 


(3') 


0.8 to 2.0V 
2.0 to 0.8 V 


l 
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AC Test Voltages 





24V 
50% VopH—0.1 V 
04V — 10% VoL +0.1V cea : 
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Timing Waveforms 
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Description 


The »PD71088 is a CMOS system bus controller for a 
pwPD70108 (V20®) or »PD70116 (V30®) microprocessor 
system. It controls the memory or I/O system bus. 


Features 


0 CMOS technology 

Bus controller for microcomputer system expansion 
Command outputs for system bus control 

Control outputs for I/O peripheral bus control 


High drive capability for command and control 
outputs (lo. = 12 mA) | 


Three-state outputs for command outputs 
Advanced I/O and memory write command outputs 
p#PD70108, ».PD70116 compatible 

+5-volt + 10%. single power supply 

20-pin plastic DIP (300 mil) or SOP package’ 
Industrial temperature range: —40 to +85°C 


Oo oO O88 0 


oO O8 COQ a 0 


Ordering Information 


Part Number Clock (MHz) ; Package Type 
#PD71088C-8 8 20-pin plastic DIP 
C-10 10 
G-8 8 20-pin plastic SOP 


Pin Configurations — 


20-Pin Plastic DIP 


BUFR/W C1 4 


3 
So 
= 
t 
=) 
a 
Es 
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V20 and V30 are registered trademarks of NEC Corporation. 
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uPD71088 
System Bus Controller 


20-Pin Plastic SOP 


BUFR/W O10 4 


J 
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Pin Identification 








Symbol | Function 

1IOB Input/output bus mode input 

CLK Clock input 

BS1 Bus status input 1 

BUF R/W Buffer read/write output 

ASTB Address strobe output 

AEN Address enable input 5k 

MRD Memory read output 

AMWR Advanced memory write output 

MWR Memory write command output 

Vss Ground 

IOWR /O write command output 

AIOWR Advanced I/O write command output 

IORD I/O read command output 

INTAK Interrupt acknowledge output 

CEN Command enable input 

DBEN Data buffer enable output 

ICE/PBEN Interrupt cascade enable/Peripheral data bus 
enable output 

BS2 Bus status input 2 

BSO Bus status input 0 

Vpp Power supply 


pPD71088 


PIN FUNCTIONS 
BSO-BS2 (Bus Status Inputs 0, 1, 2) 


The BSO-BS2 inputs are connected to the encoded CPU 
status outputs. The p»PD71088 decodes these status 


nin 
outputs ints command ando contro! rey! utou ite for timing 


control. See table 1 for an explanation of these inputs. 


CLK (Clock) 


The CLK input is connected to the same clock output 


that drives the CPU clock, usually the CLK output of a 
uPD71084 or a wPD71011. It is the internal system clock 
of the uPD71088. 


AEN (Address Enable) 


The AEN input controls the command output buffers. 
When IOB is low, a low-level AEN causes the command 
buffers to output command output signals. A high-level 
AEN makes all command lines go to high impedance. 
When IOB is high, the »PD71088 is in 1/O bus mode, and 
the command lines are not affected by AEN. 


CEN (Command Enable) 


The CEN input controls DBEN, PBEN and all command 
outputs. When CEN is high, all these outputs are active. 
When CEN is low, they are inactive. 


1OB (I/O Bus Mode) 


When the IOB input is high, the bus control mode is I/O 
bus mode. When !OB is low, the bus control mode is 
system bus mode. 


MRD (Memory Read Command) 


The MRD output is the signal to read data from a memory 
device. MRD is three-state, active low. 


MWR (Memory Write Command). 


The MWR output is the signal to write data to a memory 
device. MWR is three-state, active low. 


AMWR (Advanced Memory Write Command) 


This command output is the same as MWR, except that 
itis generated one state (clock cycle) earlier than MWR. 





IORD (I/O Read Command) 


The IORD output is the signal to read data from an I/O 
device. |ORD is three-state, active low. 
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IOWR (I/O Write Command) 


The !OWR output is the signal to write data to an 1/O 
device. IOWR is three-state, active low. 





AIOWR (Advanced I/O Write Command) 


This command output is the same as JOWR, except that 
it is generated one state (clock cycle) earlier than IOWR. 


INTAK (Interrupt Acknowledge) 


The INTAK output acknowledges interrupt requests. Re- 
questing devices output an interrupt vector address in 
response to INTAK. INTAK is three-state, active low. 


ASTB (Address Strobe) 


The ASTB output contro! signal latches the address 
outputs from the CPU into an external address latch, 
such as a wPD71082 or u»PD71083. Address data should 
be strobed with the trailing edge (high to low) of ASTB. 


DBEN (Data Buffer Enable) 


The DBEN output activates a data bus buffer/driver such 
as a »PD71086 or »PD71087 to input or output data 
between the CPU local bus and the memory or I/O 
system bus. 


BUFR/W (Buffer Read/Write) 


The BUFR/W output controls the direction in which data 
moves through a transceiver between the CPU and the 
memory or I/O peripherals. When BUFR/W is high, data 
is transferred from the CPU local bus to the memory or 
I/O system bus. When BUFR/W is low, data is transferred 
from the memory or I/O system bus to the CPU focal bus. 


ICE/PBEN (interrupt Cascade een eee 
Data Bus Enable) 


The meaning of this output signal depends on IOB. If IOB 
is low (system bus mode), it is the ICE output. ICE 
controls the cascade address transfer from a master 
priority interrupt controller to slave priority interrupt 
controllers. The slave reads the address from the master 
when ICE goes high. 


When IOB is high, it becomes PBEN. PBEN controls the 
/O bus the same way that DBEN controls the system 
bus. In this case, however, the output is active low. 
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Block Diagram 


Status Status Command Command 
Input Decoder Process Output 


Control Control Control} 


Control’ 
Signal 


Input Output 


Logic Process ICE/PBEN 


O ASTB 
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Absolute Maximum Ratings Capacitance 

Ta = 25°C; Vgg = OV Ta = 25°C; Vpp = +5V 

Power supply voltage, Vpp ~0.5 to +7.0V Parameter Symbol Min Max Units Conditions 

Input voltage, V; -1.0 to Vpp + 1.0V Input capacitance Cw 12 pF f = 1 MHz 

Output voltage, Vo -0.5 to Vpp + 0.5 V 

Operating temperature, Topr -40 to +85°C , 5k 
Storage temperature, Tstg —65 to +150 °C 

Power dissipation, Pp (DIP) 500 mW 

Power dissipation, Pp (SO) 200 mW 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 


DC Characteristics 
Ta 40°C to +85 °C; Vpp = 5V +10% 


Parameter Symbol Min. Max Unit Conditions 
Input voltage, high Vin 2.2 Vv 
Input voltage, low Vit 0.8. V 
Output voltage, high Vou Vpp -0.8 V Controls: 
lon = -8 mA @ 10 MHz, -4 mA @ 8 MHz 
Output voltage, low VoL 0.45 Vv Commands: 
lo. = 24mA @ 10 MHz, 12 MA @ 8 MHz 
Controls: 
lo = 8mA @ 10 MHz, 4 mA @ 8 MHz 
Input current leakage Iie -1.0 1.0 BA Vi = Vop. Vss 
Leakage current at high impedance lorr -10 10 BA 
Power supply current (static) Ipp 80 HA Vi = Vop; Vss 
Power supply current (dynamic) Ipbayn 20 mA fin = 10 MHz 
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AC Characteristics 
Ta = —40 to +85°C; Vpp = 5V +10% 


Parameter 

CLK cycle period 

CLK pulse width, high 

CLK pulse width, low 

Setup time for bus status active to CLK T 
Hold time for bus status inactive from CLK J 
Setup time for bus status inactive to CLK | 
Hold time for bus status inactive from CLK T 
Command active delay from CLK | 
Command inactive delay from CLK | 
Command output on delay from AEN J 
Command active output delay from AEN | 
Command disable delay from AEN f 
Command active delay from CEN T 

ASTB active delay from CLK J 

ASTB active delay from BS2, 1, 0 

ASTB inactive delay from CLK Tf 

DBEN, PBEN active delay from CLK | 
DBEN, PBEN inactive delay from CLK t 


DBEN, PBEN active delay from AEN J 


DBEN, PBEN active delay 

BUFR Tt delay from CLK t 
BUF RW J delay from CLK T 
ICE active delay from CLK L 


ICE active delay from BS2, 1, 0 


ICE inactive delay from CLK | 
input rise time 

Output tise time 

Input fall time’ 

Output fall time 


pPD71088 
Symbol Min Max 
tcyck 125 
tpwWCKH 40 
tPWCKL 60 
tsBsv 40 
tHesv 10 
tsasiv 35 
tHBSIV _ 10 
tpcmM. 10 40 
tpCMH 10 40 
tDAECM 40, 
tpAECML 100 295 
'FAECM 50 
tpCECM tDCML 
tpcKsTH 30 
tppssT _ 25 
tDCKSTL 7 25 
toctv 16 50 
tocr 10 50 
tpAECT 30 
tpcEcT 30 
tpCKWR 40 
tpcKrD 60 
tpcKic 30 
tpBsic 25 
tpICL 10 50 
tri 20 
tro 20 
tel 12 
tro 12 


»#PD71088C-10 

100 

41 

49 

35 

10 

35 

10 

10 35 

10 35 
40 

115 200 
20 
tpCML 
20. 
20 

7 25 

10 35 

10 35 
30 
30 
40 
40. 
30 
20 

10 40 
20 
20 
12 
12 


Units 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns — 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns- 


ns 


Conditions 


lol = 4mA 
lon = -—4mA 
Cy = 100 pF 


0.8 V to 2.0V 


2.0 V to 0.8 V 
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Timing Waveforms 





















































General 
T4 —o\< 1 ot T2 T3 + T4 —>|-4 1 
tpwcoKL tpwCKH 
Ps tcycK to | >| |<«—__—_—_->| 
CLK 
tHBsIv tupsv—e| lee 
<+--—$-> il ean <—— tsBsiv —>| 
BSO, BS1, BS2 
tpcmL —> -$— 
MAD, [ORD 
AMWR, AIOWR 
INTAK 
tpcm.—"| <— tocmn —>| 
MWR, [OWR 
tpCKSTH—<«—>| 
tpBsst — toCKSTL 
ASTB 
tocKwrR 
BUFA/W 
<-—_______—_—— Write Mode-———4_H4H4+—+—_—_> | 
DBEN 
tpoctv—>} 
PBEN tocKic 
t 
DBSIC 














ICE 


Note: The rising edges of ASTB and ICE are determined by the last event: CLK! or bus status 


going active. 
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Timing Waveforms (cont) 





DBEN, PBEN , and Command Output 


t+ tpaecT 7" 






OBEN 










{DCECT 4 tocect— 








1DAECM toceEcM 
|<}? +___+> 





tFaECM {*+—> 


Command Outputs 








+———— tbaecu —— | 
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AC Test Input Output Test Loads 


2.2V 
~ O08V 


Test Points 
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[Note 1] 


AC Test Output 


Test Points 
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yPD71088 
{Note 2] 


Notes: 


[1] For command outputs MRD, IORD, 
MWR, iOWR, INTAK, AMWR, and 
AIOWR. 


[2] For other outputs. 
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FUNCTIONAL DESCRIPTION Table 1. Command Logic 
: uPD71088 
Command Lagic BS2 BS1 BSO CPU Status Command Output 
The PD71088 decodes the CPU bus status outputs into Low Low Low Interrupt INTAK 
command outputs. The bus status outputs (BSO-BS 2) acknowledge 
and their decoded commands are shown in table 1. Low Low High _—‘1/O read mode IORD 
B Control Mod Low High Low \/O write mode IOWR, AIOWR 
NS OL On MOR’ Low High High Halt mode None 
The CEN, IOB, and AEN signals control the bus control- High Low Low Instruction MRD 
ler mode as shown in table 2. fetch mode 
High Low High Memory read RD 
mode 
High High Low Memory write MWR, AMWR 
mode 
High High High No bus cycle None 
mode 
Table 2. Bus Control Mode 
Control Input Command Output Control! Output 
Memory Vo 
CEN OB AEN MRD, MWR, AMWR-  [OWR, AIOWR, IORD,INTAK ICE/PBEN ASTB, BUFR/W, DBEN 
H H H High impedance Outputs enabled (NC) PBEN (NC) Outputs enabled (NC) 
(/O bus mode) 
L Outputs enabled 
H L H High impedance High impedance ICE (NC) Outputs enabled (NC) 
(System bus 
mode) Le Outpus enabled Outputs enabled 
L x x H H PBEN =H OQutputs enabled 
(Command (DBEN = L:ASTB, 
disable mode) BUFR/W are NC) 
Note: 


x = Don’t care, NC = No change, H = High, L = Low 
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NEC Electronics Inc. 


Description 


The »PD71641 is an LSI cache controller chip offering 
advanced features, unequaled flexibility, and built-in re- 
liability to system designers. The »PD71641 makes it 
practical and economical to use sophisticated caches in 
microprocessor-based systems. 


The implementation of u1PD71641 is transparent to the 
application program. The »PD71641 is configurable from 
direct-mapped to 4-way set-associative mapping. The 
uPD71641 allows up to 128K bytes of cache memory. 
Cache updating is made efficient with sub-block parti- 
tion and burst mode features. 


The »PD71641 can be easily used with many general- 
purpose, high-performance 32-bit or 16-bit microproces- 
sors. Its architecture is suitable for multiprocessors and 
multimaster environments. Cache data consistency is 
ensured by bus monitoring and dual comparator tech- 
niques. The »PD71641 uses a write-through strategy to 
update main memory, which guarantees the best cache 
consistency in a multiprocessor and multimaster sys- 
tem. External data storage is flexible in size and organi- 
zation. The »PD71641 will work with any word width. 


The »PD71641 is unique in offering features to implement 
a highly reliable cache memory subsystem. The 
»PD71641 provides built-in reliability checks, such as 
address tag parity check, multiple hit detection, and 
self-diagnosis for directory faults. Upon detection of an 
erroneous condition, the 1PD71641 can either be dis- 
abled, or continue to operate in a functionally degraded 
mode. 
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Cache Memory Controller 


Features 


Oo 


General-purpose interface supports high- 
performance microprocessors 


QO Transparent to application programs 
QO Flexible placement algorithm: direct 2-, 4-way set- 


6000vdmUODMUMUCODUcCOUOONlhUvUOUlU 


associative - 


Large tag memory configuration: 

— 1024 sets x 1 way x 2 sub-blocks 
— 512 sets x 2 ways x 2 sub-blocks 
— 256 sets x 4 ways x 2 sub-blocks 


Programmable sub-block size up to 64 bytes 

Bus replacement cycle variable from 1 to 16 words 
Supports large cache memory up to 128K bytes 
Supports up to 4G bytes of main memory 

LRU replacement algorithm 

Write-through strategy 

Data consistency check by bus monitoring 
External PURGE input to flush tag store 


Increased reliability through internal error detection 
— Parity check on tag store 

— Incorrect match check 

— Multiple hit check 

— LRU output check 


Unique level degradation feature to maximize cache 
system up time 





QO 16- and 20-MHz operation 
QO 132-pin PGA package 


Ordering Information 


Part Number 
#PD71641R 


Max Clockout 
Frequency 


20 MHz 


Package 
132-pin Ceramic PGA 
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Pin Configuration 
132-Pin Ceramic PGA 


9 
8 
7 
6 
5 
4 
3 
2 
1 
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’ Bottom View 


® Orientation Pin 
@ Index Mark 


Pin Identification 


Pin Symbol 
Ai _ RREQ 
A2 D, 
A3 RACK 
A4 MAS 
AS RC2 
A6 RAO 
A7 RA2 
A8 RA3 
AQ ic 
A10 BERR 
Alt RT/BY 
A12 SRDY 
A13 R20 
A14 Ag 

Bi MAs 
B2 GND 
BS Do 
B4 D3 
B5 RC1 
B6 RC3 
B7 RA1 
B8 IC 
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Pin Identification 

















Pin Symbol 
BS Ic 

Pin . Symbol 
B10 RBCY 
Bit cw20 
B12 CR2T 
B13 Vop 
B14 Ag 

C1 MAg 
C2 MA, 
c3 Vpp 
C4 GND 
C5 Do 

C6 RCO 
C7 Vop 
C8 GND 
c9 BRC 
C10 RAE 
Ci1 twat 
C12 GND 
C13 Ay 
C14 Ag 


Pin 
D1 
D2 


na 
wo 


D12 
D13 
Di4 
E1 
E2 
E3 
E12 
E13 
E14 
F1 
F2 
F3 
Fi2 
F13 
Fl4 
G1 
G2 


Gi2 
G13 
G14 
H1. 
H2 
H3 
H12 
H13 
Hi4 
J1 
J2 


J12 
J13 
Ji4 
Ki 


Ki2 
K13 


Symbol 
MAg 
MAg 
RAA_ 
wir 


GND 


MAi2 
MAio 
MAz 
A7 
Ato 
A12 
MA14 
MAi3 
MAq— 
An 
Aig 


- GND 


MAis 
MAas 
GND 
At 
Aas 


MA17 
MA, 
MAig 
Ais 
Vop 
Ai7 
MAgo 
MAo4 
MAgg 


Azo 
Aig 
MApo 
MAz4 
MAzz 
Azg 
Ag3 


Pin 
K14 


L13 
L14 
M1 
M2 
M3 
M4 
M5 
M6 
M7 
M8 
M9 
M10 
M11 
M12 
M13 
M14 


Ni ° 


N2 
N3 
N4 


‘NS 


NG 
N7 
NB 
No 
N10 
Nit 
Ni2 
N13 
N14 
Pt 
P2 
P3 
P4 
PS 


Aza 


CMD 
RESET 
FATAL 
CLAMP 
CRO 


NEC 


Pin Identification 


(cont) 

Pin Symboi Pin Symbol 
P7 CRT P11 BYPO 
P8 CR2 P12 IC 

P9 CWO P13 CRDY 
P10 Cw2 P14 Ast 
PIN FUNCTIONS 


CPU Interface 


A3-A3; (Address Bus). CPU address outputs are con- 
nected to these inputs. Depending on cache organiza- 
tion, from.8 to 10 of the low address bits are used to 
select a set of tags. These inputs are latched internally 
once a u1PD71641 cycle begins. 


BCY (Bus Cycle Start). This active-low input is sampled 
on the rising edge of CLK. It indicates that a CPU cycle is 
ready to be submitted to the 4PD71641. When BCY is 
detected, the »PD71641 will begin its cycle. 


CS (Chip Select). This active-low input is sampled on 
the rising edge of CLK. If this pin is not asserted, then the 
cache will not operate. This input is used to separate 
cacheable (e.g., memory access) and non-cacheable 
(e.g., I/O) CPU bus cycles. If this input is not asserted, 
BCY is ignored, but CMD operations can still take place 
and the bus monitor function continues to operate. 


R/W (Read/Write). This input is used to separate CPU 
read cycles from CPU write cycles, since the n»PD71641 
handles each type of cycle differently. If this input is low 
when BCY is sampled, a cache write operation will 
begin. If R/W is high, read operation will begin. This input 
is also used during CMD accesses. 


CMD (Command Mode). This active-low input is sam- 
pled on the rising edge of CLK. It should be asserted 
when the CPU needs to access one of the »PD71641’s 
internal registers. Inputs RAO-RA3 select which internal 
register will be used. CMD overrides the BCY and CS 
inputs. 


CLAMP (Ciamp Address Input). This active-high input 
prevents any problems due to a floating level on any 
p»PD71641 inputs. In the event it becomes necessary to 
float the inputs to the »PD71641 (e.g., during DMA), this 
input should be asserted. If this input is used, external 
pullup resistors will not be required. 


BYPI (Bypass In). This active-low input is sampled on 
the rising edge of CLK. If this input is asserted when BCY 


pPD71641 


is asserted, the »PD71641 will treat the cycle as non- 
cacheable, and assert BYPO. The cache memory is not 
accessed. 


DPAR (Data Parity). This active-high input signals that 
an error has occurred in the cache data store. When 
these errors are received, the 1PD71641 will disable the 
current level and enter a functionally degraded mode. 
That is, if a parity error occurs in bank 3 of a 4-way 
set-associative cache memory, level 3 will be disabled. 


AHIT (Asynchronous Cache Hit). This active-high 
asynchonous output is asserted when the current ad- 
dress inputs (Ag-A3;) produce a tag match, indicating 
that the data being accessed is mapped into the cache 
data store. 


CRDY (CPU Ready). This active-low output can be used 
to signal the CPU that the bus cycle can be ended. CRDY 
is asserted when the cycle is a cache hit, when the 
requested data is available at the end of a cache update 
cycle, when a CMD access is completed, or when a 
bypass cycle has completed (actually controlled by 
external logic via the SRDY input). 








MISS (Cache Miss). This active-low output is asserted 
when the pzPD71641 has detected acache miss on a CPU 
read cycle. It remains asserted throughout the cache 
update operation. MISS is distinct from AHIT because it 
is synchronous to the CLK, while AHIT is not. MISS is 
also asserted when an internal error forces a cache 
update, or if a cache bypass cycle is aborted by BERR. 


BYPO (Bypass Out). This active-low output indicates to 
external hardware that the current CPU bus cycle will 
bypass the cache memory. Either the address is not 
cacheable, or the cycle is a memory write. In the case of 
a memory write, the data will be written in parallel to the 
cache memory. External logic must complete the bus 
cycle. This output is asserted whenever the BYPI input is 
asserted at the start of a cycle, during all cache write- 
through cycles, and whenever the uPD71641 is unable to 
complete a cycle due to an internal error condition. 


FAULT (Fault). This active-high output indicates that the 
»PD71641 is operating in a functionally degraded mode, 
that.is, some portion of the tag store has been disabled 
due to an internal or external error. 


FATAL (Fatal Fault). This active-high output in conjuc- 
tion with FAULT indicates the status of the 1PD71641. If 
an unrecoverable internal error occurs, and the 
p»PD71641 removes itself from the eyelet this sone will 
remain asserted. 


RAO-RA3 (Replacement Address). These inputs select 
the internal register fora CMD access. They also supply 
the starting offset for a fetch bypass operation. During 
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normal replacement operations, the replace cycle begins 
at an offset of 0. If fetch bypass is enabled, the first bus 
cycle of the replacement will be to the address deter- 
mined by these inputs, so that the data requested by the 
CPU will be available as soon as possible. 


Do-D3 (Data Bus). These bidirectional pins form the 
4-bit data ‘bus used to access the »PD71641 internal 
registers. This bus is also used to output tag store 
contents during a cache directory dump operation. 


CRO-CR3 (4-Way Cache Read Strobes). When a 4-way 
set-associative cache organization is selected, these 
four active-low outputs select which of the four banks of 
cache data storage will supply the data ona CPU read 
cycle. They are also asserted curing: a cache memory 
dump operation. | 


CR20-CR21 (2-Way Cache Read Strobes).When a 2- 
way set-associative cache organization is selected, 
these two active-low outputs select which of the two 
banks of cache data storage will supply the cae ona 
CPU read cycle. 


They are also asserted during a cache memory dump 
operation. These outputs are also used for direct- 
mapped caches. CR20 and CR21 must be logically 
ORed with external logic to produce a single read strobe 
for the one bank of RAM. 


Cwo-Cws (4-Way Cache Write Strobes). When a 4- 
way set-associative cache organization is selected, 
these four active-low outputs select which bank of the 
cache data store will be written during a CPU write cycle. 


CwW20-CW21 (2-Way Cache Write Strobes). When a 
2-way set-associative cache organization is selected, 
these two active-low outputs select which bank of the 
cache data store will be written during a CPU write cycle. 
These outputs are also used for direct-mapped caches. 
CW20 and CW21 must be logically ORed with external 
logic to produce a single write strobe tor the one bank of 
RAM. 








Bus Monitor Interface 


MAS (Bus Monitor Address Strobe). This Sotivesow 
input is sampled on the rising edge of CLK. When. it is 
sampled low, the »PD71641 will begin a cache invalidate 
cycle on the address presented on inputs MA3-MAg}. 
Each check-and-invalidate operation takes two clocks. 


MA3-MAg3,; (Bus Monitor Address). These inputs are 
sampled when MAS is sampled low. The system bus 
address lines should be logically connected to these 
Inputs. : 


A write cycle to global memory could change a memory 
location that has been cached. If this happens, the data 
in the local cache is no longer consistent with global 
memory. To ensure cache data consistency, the 
»PD71641 provides bus monitoring. When an address is 
presented on these MA innuts, the 1PD71641 will per- 
form a tag search on that address. If a high is detected, 
the indicated sub-block will be invalidated. This tag 
search operation is completely independent from the 
CPU address tag search, since the »PD71641.tag store is 
fully dual-ported with two sets of comparators. 


MAs3-MAg; become outputs during cache dump opera- 
tions, supplying the upper address bits for the dump. 


System Bus Interface 


RREQ (Replacement Request). This active-low output 
is asserted when the »PD71641 wants to use the global 
bus for.a cache data replacement cycle or for a cache 
directory or data dump operation. 


RACK (Replacement Acknowledge). This active-low 
input is asserted by the system bus interface when 
access to the shared memory for a replacement or a 
dump cycle has been granted. Once begun, replacement 
or dump cycles can be suspended by desserting this 
input. The »PD71641° will interrupt the miss cycle, 
thereby releasing the global bus to a higher priority. bus 
master, and will resume the interrupted operation when 
RACK is asserted again. Bus monitoring is disabled while 
the replacement or dump cycle is suspended. 


RAE (Replacement Address Enable). This active-low 
output indicates that the 4PD71641 has begun a cache 
data replacement cycle to service a cache read miss. 
This output should be used to control’ the multiplexing 
between the RC outputs and CPU address. Also, any 
other logic that changes during a replacement yee 
should use the RAE signal. 





RCO-RC3 (Replacement Count). Sub-blocks can be 


up to 16 words in length. During a replacement cycle, the 
RC outputs provide the offset address in the sub-block. 
Depending on the size of the sub-block, not all these pins 
will be used. . : 


RBCY (Hoplacerneitt Bus Cycle Start).This active-low 


output signals the Start of a replacement bus ae ora 
dump cycle. 


SRDY (System Ready). This active-low input is asserted 
by the system bus interface or shared memory control 
logic when the bus operation that the »PD71641 re- 
quested has been completed. The ».PD71641 will pass 
this signal through to the CPU via its CRDY output. 
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BRC (Burst Replacement Cycle). This active-high in- 
put determines on a cycle-by-cycle basis if the replace- 
ment cycle is to use a burst data transfer. 


BERR (Bus Error). This active-low input signals a sys- 
tem bus error_If the current cycle is a replacement 
operation, RT/BY can be used to either abort the cycle or 
try it again. If the current cycle is a cache bypass (such 
as a CPU data write cycle), the nPD71641 will assert its 
MISS output to let the CPU know that the operation did 
not complete. 


RT/BY (Retry/Bypass). When BERR has been detected, 
the »PD71641 uses the state of this input pin to decide 
whether to abort the cycle (RT/BY = 0) or to retry the 
cycle (RT/BY = 1). 


This input is also used to implement external write 
buffering, or a “posted write” system write perfor- 
‘mance. Normally, during a CPU data write cycle, both the 
CPU and the »PD71641 are suspended waiting for the 
write cycle to end. However, if the RT/BY input is high, the 
pPD71641 will not wait for SRDY. It will immediately end 
its internal cycle and go into the Ti state, allowing the 
p»PD71641 to begin processing the next CPU bus cycle if 
one is available. External logic can finish the write cycle. 


. 


Block Diagram 


a Ey 
ee 


U 
Status 
- Registers 
Main Sequencer * CPU Interface Control <=> 


Oual-Port 
el ire ae Cache Directory 
(21 bits x 256 x 4 ways) 


Other Signals 


RESET (Reset). This active-high input will reset the 
p»PD71641. All tag stores will be invalidated, all preset 
commands will be cleared, and all status bits will be 
cleared. The cache will be disabled until enabled by the 
software command. RESET must be asserted for at least 
10 clock pulses. 


PURGE (Purge). This active-high input will purge all the 
tag stores when it is asserted. An identical software- 
generated PURGE operation is also available. 


PURGE may be used to invalidate the cache tag store in 
the event the bus monitoring function is unable to keep 
up with external bus activity. 


The PURGE input must be asserted until the purge 
operation is complete. This takes a maximum of 5 clocks, 
so PURGE must be asserted for at least 5 clocks. 


CLK (Clock). This is the 4PD71641 clock and should be 
sychronized to the CPU clock. 


IC. Internally connected; leave disconnected. 
Vpp: Supply pins for +5 V power supply. 
GND. Supply pins for power ground. 


Diagnosis 
Sequencer 


: Valid F/F Array 
: (256 x 2 x 4 ways) 


Se 
Fes WS HL 


Bus Interface Control Replace Sequencer 


ToVVay 


CR21-CR20 CW21-CW20 
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Figure 2. Typical System Configuration 
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INTERNAL BLOCK FUNCTIONS 
Dual-Port Address Tag Memory 


Dual-port address tag memory is dual-port memory that 
decodes the index field input independently from the 
CPU side and monitor side and outputs the contents of 
the memory (block entry) as address tag. When a mis-hit 
occurs during CPU access, a new block address is 
registered. 


Valid Bit Memory 


Valid bit memory is a group of flags that indicate whether 
each block entry is valid or invalid. These flags are set 
each time the replacement of a sub-block is completed, 
and reset upon a monitor hit. 


Comparators - 


Two comparators are. provided. One is for the CPU side 
and the other is for the monitor side. The comparator on 
the CPU side is used to check if the address tag regis- 
tered in the directory coincides with the address.used to 
access the system bus. 


Parity Generator 


The parity generator generates the parity for the address 
tag associated with CPU accessing, and compares it 
with the address parity registered in the directory. This 
compare operation is performed simultaneously with the 
CPU address comparison. When a mis-hit occurs, the 
generated parity is registered together with the new 
address. 


Status Register 


The status register indicates reduction data related to 


parity errors or multi-hit errors. In addition, it also indi- 
cates whether or not the »PD71641 is in the fatal state. 


LRU and LRU Memory 


.LRU and LRU memory manage the CPU block accessing 
order and perform LRU calculations based on valid bit, 
error status, number of associative units, etc. 


Main Sequencer 


The main sequencer decodes the bus cycle signals (BCY, 
CS, RW, BYPI, CMD, etc.) generated by the CPU, and 
generates the timing for the basic cache memory oper- 
ation cycle. The main sequencer determines whether the 
accessing is a cache memory access, a cache memory 
bypass access, or a cache command access. The main 
sequencer enters the standby state when the replace 
sequencer is in operation. 


CPU Interface Controller 


The CPU interface controller generates a normal/not- 
normal response (data acknowledge, bus error, fatal 
error, etc.). 

Replace Sequencer 

The replace sequencer regenerates the replace timing 
and replace count value when a mis-hit occurs. 

Bus Interface Control Block 


The bus interface control block generates the read/write 
strobe signal to the external cache data memory. 


Table 1 describes each of the bus states. ASUS a isa 
state diagram for the bus interface. 


Table 1. Bus interface States 


_ Bus State Description 


Ti Idle state. Walting for BCY and CS to be asserted. 


T2 First state of any cacheable CPU cycle or IO cycle to 
»PD71641 registers. T2 is the dispatch state that 
decides what the n.PD71641 will do. If there Is a cache hit 
or a 2-clock cycle request, T2 is also the last active state. 
If there is a miss, Tm Is entered. If this is a cache write 
cycle, Tb Is entered. Tc is entered if it is a »PD71641 
command cycle. 


Te Command Mode state. If this is a .PD71641 command 
cycle, the Tc is entered following T2, then repeated 
before returning to the idle state. 


Tm _ Miss state. Entered if there is cache read miss. The 
system bus is requested, and the RTi state is entered. If 
RACK Is already asserted, the RT state sequence is 


entered. 

ATi Replacement Transfer Idle state. Waits for the system 
bus to be granted via RACK, then transitions to RT1. 

RT1 First Replacement Transfer state. While RACK is on, 
proceeds directly to RT2. 

RT2 Second replacement transfer state. Waits for SRDY to be 


asserted, indicating the system bus memory Is ready to 
begin the transfer, the goes to RT3. 


RTS Third RT state. The read data Is written to the cache data 
store, and if the sub-block transfer is complete or the 
transfer is aborted, the RTw state is entered. If not 
complete, and burst transfers are not requested, a 
return is made to RT1 to begin another single-word 
transfer. If in burst mode, RT4 is enered to get the rest of 
the sub-block. If a retry is requested, RTr is entered. 


RT4 Fourth RT state. Used only for burst transfers, which 
take two clocks each. Until replacement is complete, the 
state machine ping-pongs between RT4 and RT5. The 
data is written at RT5. 


RTS Last RT state. Accepts data from burst transfers. If the 
transfer is over, RTw is entered. On a retry request, RTr 
is entered. 
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Table 1. Bus Interface States (cont) 
Bus State Description . 


Rir. RT retry state. Transitions directly to RT1, which begins 
the cycle again. 


RTIw RT recovery state. During this state, if the replacement 
was successiui, ite POT i641 tag store is upcaisa, and 
the data that the CPU requested is made available. If the 

_ cycle was aborted, the bypass state is entered. 


Tb Bypass state. The bypass cycle was started by T2 so Tb 
waits for the system memory to respond with SADY, then 
returns to Ti. 


Tf Fatal error state. if during Tm an unrecoverable error 
occurs, Tf is entered to record the error, then a bypass 
cycle is entered by going to Tb. 





Figure 3. Bus State Diagram 
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Diagnosis Sequencer 


The diagnosis sequencer consists of the directory trace 
sequencer and the internal diagnosis sequencer. The 
directory trace sequencer performs cache self- 
diagnostics and dump processing. The internal diagno- 
sis sequencer sequeniiaiiy generates ithe meiiory diag- 
nostics data for the issuance of internal diagnostics 
commands, and the collects the data. 
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ELECTRICAL SPECIFICATIONS 
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Absolute Maximum Ratings 








Ta = 25°C 
Supply voltage, Vpp ~0.5 to +7.0V 
Input voltage 
Other than CLK, Vj, -0.5 to Vop +0.3V 
CLK Vip -0.5 to Vpp +1.0V 
Output voltage, Vo ~0.5 to Vpp +0.8V 
Operating temperature range, Topr ~10 to.+70°C 
Storage temperature range, Tstq ~60 to + 150°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 


Capacitance 
Ta = +25°C; Vpp = GND = OV 

















Parameter Symbol Min Max Unit Condition 
Input capacitance C; 15 pF sf = 1 MHz; 
me fee ee A ee IN easured 
Output capacitance Co 15 pF pins returned 
input/output Cio 15 pF toOV 
capacitance = 

DC Characteristics 

Ta = -10 to +70°C; Vpp = +5.0V +10% 

Parameter Symbol Min Max Unit Condition 
Input voltage, Vint 40 2.2 ~Vpp + 0.3 ~=V_ Other than CLK 
nigh Ving 4.0 Vpp +03 V CLK 

Input voltage, Vit1 «0.5 0.8 Vv Other than CLK 
low Vito -05 0.6 Vv CLK 

Output voltage, Voy 2.4 Vi oloy = -400 pA 
high 

Output voltage, Vo. 0.45 Vio. = 3.2mA 
low 

Input leakage Ih +10 pA 

current 

Output leakage ILo +10 BA 

current 

Operating lop 250 mA fin, = 20 MHz 
current 


AC Characteristics 
Ta = -10 to +70°C; Vpp = +5 V +5% 


Parameter Symbol Min Max Unit Condition 
Clock 

Clock frequency tcyK 50 125 ns 

CLK high-level tKKH 20 ns Vino = 3.0V 


width 





AC Characteristics (cont) 
Symbol Min Max Unit Condition 


Parameter 
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CLK low-level width = tk. 20 ns Vio =17V 
CLK rise time trk 3 ns 1.7t03.0V 
CLK fall time tek 3 ns 30to17V 
Reset, Purge 

Number of reset tcykrs 10 tcyx CL = 100 pF 
clock 

RESET setup time tsrasx 7 ns 

(vs. CLK J) 

RESET retention tHKRS 8 ns 

time (vs. CLK J) . 

Number of purge tovKkepa 3 toyKk 

clock , “ 

PURGE setup time _ tspgx 7 ns 

(vs. CLK J) . 

PURGE retention tHKPG 8 ns 

time (vs. CLK J) 

CPU Input 

Address setup time tgax 5 ns C_ = 100 pF 
(vs. CLK 1) 

Address retention —_tixa 15 ns 

time (vs. CLK 1). 

BCY setup time tsBck 7 ns 

(vs. CLK 1) 

BCY retention time tuxac 8 ns 

(vs. CLK 1) 

CS setup time tscsx 7 ns 

(vs. CLK1) 

CS retention time — tuxcs 8 ns 

(vs. CLK 1) 

TMD setup time tsomk =o 7 ns 

(vs. CLK 1) 

CMD retention tuKcom 8 ns 

time (vs. CLK 1) 

BYPI setup time tsBik 7 ns 

(vs. CLK 1) 

BYP! retention time tis; 8 ns 

(vs. CLK 1) 

R/W setup time tspwk 7 ns 

(vs. CLK 1) 

R/W retentiontime tyxrw 8 ns 

(vs. CLK 1) 

CLAMP setup time tgcpx 25 ns 

(vs. CLK 1) 

CLAMP retention — tixcp 0 ns 

time (vs. CLK 1) 

RT/BY setup time _—tsrtK 7 ns 

(vs. CLK J) 
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AC Characteristics (cont) . 


Parameter 

RT/BY retention tHKRT 
time (vs, CLK J) 

DPAR setup time tsppK 
(vs. CLK Y) 

DPAR retention tuxpp 


time (vs. CLK J) 


8 


= 


ns 


ns 


ns 


Symbol Min Max Unit Condition 


C. = 100 pF 





CPU-Side Output Timing Specifications 
Symbol Max Unit Condition 


Parameter 

Add valid -» AHIT delay 
CLK | + CRDY valid delay 
CLK | > MISS valid delay 
CLK t -+ BYPO valid delay 
CLK t > GRO - CAS J delay 
CLK | + CRO - CRS f delay 


CLK | -» CWO - CWS valid delay 
CLK tT - CR20 - CR2T | delay 
CLK | + CR20 - CR2 T delay 


CLK | + CW20- TW2T delay 
CLK T + FATAL valid delay 
CLK T - FAULT valid delay 


tpAAH 
tpKCRY 
tpKMs 


tpKBo 
tokcr 
tpKcr 


L 
H 


tpKcw 
toKcret 
tpKCR2H 


toxcw2 


toKFT 
toKFL 


50 


25 


ns ©, = 25pF 
ns CO, = 100 pF 


Command Access/Bus Monitor Timing 


Specifications 
Parameter 

RAOQ-RAS set-up time (CLK 1) 
RAO-RAS hold time (CLK 1) 
Do-Dg setup time (CLK 1) 
Do-Dg hold time (CLK ‘) 
Do-Dg valid delay 

Do-Dg float delay 

MA hold time (CLK J) 

MA setup time (CLK J) 
MAS hold time (CLK J) 
MAS setup time (CLK J) 


10 


Symbo! Min Max Unit Conditions 


tsrak 
tHKRA 
tspK 


tHKMA 
tsMAK 
tHKMS 
tsmsk 


ns C, = 100 pF 


Replace/Bypass Timing Specifications: 
Min 


Parameter 


BRC setup time 
(CLK J) 
BRC hold time 


imriw iv 
(Nobo tN 7 


CLK t > RREQ 
valid delay 


RACK setup time 
(CLK) 


RACK hold time 
(CLK J) 


CLK | -> RAE valid — 


delay 


CLK Tt -» RBCY 
valid delay 


CLK Tt - RC valid 
delay 


CLK t + RC float 
delay 


SRDY setup time 
(CLK ) 


SRDY hold time 
(CLK 


BERR setup time 
(CLK 4) 


BERR hold time 
(CLK J) 


DUMP Timing Specifications 
Symbol Min 


Parameter 


CLK | > MAg-MAg; 


delay 


CLK | +» MAg-MAgy 


floating 


Symbol 


tsBRK 
tHKBR 
tpKRRQ 
tSRKK 
tHKRK 
tDKRAE 
snc 
tpKRC 


teKRc 


tssrYK 


tHKSRY 
tsBEK 


tHKBE 


tDKMA | 


teKMA 


7 


Max Unit 

“ns 

ns 

25 ns 
ns 

ns 

25 ns 
25 ns 
25 ns 
ns 

ns 

ns 

= 

ns 


Max Unit 


25 


ns 


ns 


Conditions 
Cc, = 100 pF 


Conditions 
CL = 100 pF 
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Timing Waveforms 
AC Test In/Output (except CLK) Reset/Purge Timing 


B3YL-6151A 





AC Test In/Output (CLK) 
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Clock Timing 
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CPU Input 
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CPU Output 





CR3 - CRO 


'pKCW | 'oKcW 
Ccws3 - CWO 
'DKFT 
FATAL 
- 'DKFL 
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Command Access Timing 





CLK 
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Bus Monitor Timing 


*MA31 - MA3 
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Replace Timing 





'SBAK tHKBR 





RC3 - RCO 
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Bypass Timing Dump Timing 
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Development Tools 


Section 6 
Development Tools 


CC70116 
V-Series C Compiler 


DDK-70320 
Evaluation Board for V25 Microcomputer 


DDK-70330 
Evaluation Board for V35 Microcomputer 


IE-70136 
In-Circuit Emulator for »4PD70136 (V33) 
Microprocessor 


IE-70136-PC 
In-Circuit Emulator for 4PD70136 (V33) 
Microprocessor 


IE-70208, IE-70216 
In-Circuit Emulators for 4PD70208 (V40) and 
p»PD70216 (V50) Microprocessors 


IE-70320 

In-Circuit Emulator for 1PD70320/70322 (V25) 
Microcomputers 

IE-70330 

In-Circuit Emulator for 1PD70330/70332 (V35) 
Microcomputers 

RA70116 

Relocatable Assembler Package for V20-V50 
Microprocessors 

RA70136 

Relocatable Assembler Package for V33 
Microprocessor 

RA70320 | 

Relocatable Assembler Package for V25/V35 
Microcomputers 


V25/V35 MINI-IE Plus 
in-Circuit Emulator 


V40/V50 MINI-IE 
In-Circuit Emulator 


6a 
6b 
6c 


6d 


6e 


6f 


6g 


6h 


6i 


6j 


6k 
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NEC 


NEC Electronics Inc. 


Description 


The CC70116 C Compiler package converts standard C 
source code into relocatable object modules for the NEC 
V20® (uPD70108), V30® (uPD70116), V40™ (uPD70208), 
and V50™ (4PD70216) microprocessors and the V25™ 
(uPD70320) and V35™ (uPD70330) single-chip. micro- 
computers. These modules are compatible with those 
produced by the RA70116 V20-V50 Relocatable Assem- 
bler package and the RA70320 V25/V35 Relocatable As- 
sembler package and may be linked with other modules 
using the appropriate linker provided with the assembler 
package. 


Features 


QO Standard Kernighan and Ritchie C 
— Defined in UNIX System lil 


QO Supports small and large memory models 


O NEC enhancements 

— Enumeration data type support 

— Assignment of all members by a structure name 

— Ability to use identical names in identifiers of 
different types in different structures 

— Addition of a void type to declare functions with 
no return value 

— Addition of char as a data type for which 
unsigned can be specified 

— Ability to initialize structures with bit fields 


0 C€C70116 library conforms to UNIX System Ill 
specifications 
— MS-DOS® and CP/M-86® dependent functions 
included , 


O C macros for sorting and converting ASCII code 
characters 


O User-selectable object code optimizer 


V20 and V30 are registered trademarks of NEC Corporation. 

V25, V35, V40 and V50 are trademarks of NEC Corporation. 

UNIX is a trademark of AT&T. 

CP/M-86 is a registered trademark of Digital Research Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 

VAX, VMS, and Ultrix are registered trademarks of Digital Equipment 
Corporation. 
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CC70116 
V-Series C Compiler 


QO Runs under a variety of operating systems 
— MS-DOS 
— VAX/VMS® 
— VAX/UNIX™ 4.2 BSD or Ultrix® 


Ordering Information | 


Part Number Description 

CC70116-D52 MS-DOS, 5” double-density floppy diskette 
CC70116-VVT1 VAX/VMS, 9-track 1600BPI magnetic tape 
CG70116-VXT1 VAX/UNIX 4.2 BSD or Ultrix, 9-track 1600BPI 


magnetic tape 


Extensions to Standard C 


Enumeration data type: Similar to the enumerated type in 
Pascal, this allows the definition of a limited set of 
[mnemonic] values for a variable, thus preventing as- 
signment of invalid values to the variable. 


Assignment of all members by a structure name: Allows 
assignment of all the members of a structure from 
another structure of the same type simply by using the 
names of the structures. 


Ability to use identical names for identifiers of different 
types in different structures: Allows the same member 
name in two different structures to have a different name 
in each. 


Addition of a void type: Prevents the use of functions 
which return no value in expressions where a return 
value is required. 


Addition of char as a data type for which unsigned can 
be specified: Allows the full 8 bits of the char data type to 
be used as a value, rather than only the low-order 7 bits. 


Ability to initialize structures with bit fields: Allows 
structure with bit-field members to be initialized via the 
C construct. 


Compiler Options 


The CC 70116 C Compiler supports the following options 
during compilation. 


A Generates assembly language listing 

B Specifies drive for-compiler phases 

C Leaves comments in C source image file (used 
with P) 


D Defines a name 


CC70116 


E Outputs C source image to a standard output 
device after only compiler control line 
processing 

H Generates an object module for the interrupt 
handling section of RX116 (realtime operating 
sysiéin) 

| Specifies drive for include files 

NS Suppresses symbol table information in object 
module 


O Selects optimization 

P Outputs C source image to a file after only 
‘compiler control line processing 

T Limits compiler phases to be input from drive 
selected by B option . 

U Nullifies the initial definition of the name 
defined by D option. 

X Generates object code for the large model 


Memory Models 


The CC70116 supports the smail and large memory 
models. With the small model, a total of 128K bytes of 
memory can be accessed: 64K bytes for data and 64K 
bytes for code.. With the large model, up to 1M byte of 
memory can be accessed for code and data. In addition, 
data constants can be permanently encoded into the 
ROM space. Programs using the small memory model 
are more efficient in-terms of space utilization and 
execution speed and are recommended when your pro- 
gram can fit into one data and one code segment. 


CC70116 Library Functions 


The CC70116 C Compiler library conforms to the UNIX 
System Ill library specifications. Some library routines 
are operating system dependent and may only be used 
to create programs that run under MS-DOS or CP/M-86; 
other functions do not call:the operating system, and 
may be used in any program. 


In the list below, the asterisk (*) means user system, 
MS-DOS, or CP/M-86 dependent. . 


abort* fread MSDOS1* srand 
abs freopen MSDOS2* ~ sscanf 
access* fscanf MSDOS3* strcat 
atoi fseek open* strchr 
atol ftell perror strcmp 
close* fwrite printf strcpy. 
creat* getchar putchar strlen 
exit* gets puts strncat 
fclose getw putw strncmp 


NEC 


fdopen Iseek* qsort strncpy 
fflush mktemp rand swab 
fgetc mpmi* read* ungetc 
fgets mpm2* rewind unlink* 
fopen mpm3* sbrk* write* — 
forintf mpm4* scanf 

fputc mpm5* setbuf 

fputs mpmé6* sprintf 

C Macros 


Included with the C compiler are C macros for sorting 
and converting ASCII code characters. These macros 
are listed below. 


isxdigit 


_tolower getchar isgraph 

_toupper salnum islower putc 
feof isalpha isprint putchar 
ferror isascii ispunct toascii 
fileno isentrl isspace. 

getc isdigit isupper 

Start-Up Modules 


Six small and large start-up modules are included in the 
CC70116 C Compiler package to initialize programs 
generated by the compiler: modules for embedded sys- 
tems; modules for executing programs under the MS- 
DOS operating system; modules for executing programs 
under the CP/M-86 operating system. _ 


Operating Environment 


The CC70116 package can be supplied to run under a 
variety of operating systems. One version is available for 
an MS-DOS system with one or more disk drives and at 
least 128K bytes of system memory. Other versions are 
available to run on a Digital Equipment Corporation VAX 
computer with UNIX 4.2 BSD or Ultrix or VMS (version 
4.1 or later) operating systems. 


To produce executable programs, a linker (LK70116 or 
LK70320) and a hexadecimal object code converter 
(0C70116 or OC70320) program are required and the 
librarian (LB70116 or LB70320) program is useful. These 
programs are available separately from NEC Electronics 
Inc. as part of the RA70116 V20-V50 Relocatable Assem- 
bler package or the RA70320 V25/V35 Relocatable As- 
sembler package. 


The linker produces an absolute load module containing 
both symbol and source code line number information 
and the absolute object code. This module may be 
loaded directly into the appropriate NEC in-circuit emu- 
lator for execution with full symbolic debug capabilities. 
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The hexadecimal object code converter produces an 
extended hexadecimal format object code file that may 
be loaded into a PROM programmer. 


Documentation 


For further information on source program format, com- 
piler operation, and actual program examples, the fol- 
lowing documentation is furnished with the CC70116 
compiler package. Additional copies may be obtained 
from NEC Electronics Inc. 


e CC70116, V-Series C Compiler Operation Manual 
(MS-DOS) 

e CC70116, V-Series C Compiler Operation Manual 
(VMS) 

e CC70116, V-Series C Compiler Operation Manual 
(UNIX) 


License Agreement 


CC70116 is sold under terms of a license agreement that 
must be completed and returned to NEC Electronics 
before the C compiler is shipped. A copy of this license 
agreement may be obtained from any NEC Electronics 
Sales Office. Software updates are provided to regis- 
tered users. 
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DDK-70320 
Evaluation Board 
for V25 Microcomputer 





Description 


The DDK-70320 is an evaluation board for NEC’s 
BPD70320 (V25™) 16-bit, single-chip microcomputer. 
The DDK-70320 gives you maximum flexibility when 
evaluating and designing with the n»PD70320. It features 
a »PD70320 with 32K bytes of EPROM, 32K bytes of 
RAM, two RS-232C communication ports, and a power- 
ful monitor program. The DDK-70320 is on an IBM PC 
compatible card and includes a prototyping area for 
building your application-specific hardware. 


A copy of RA70320, the V25/V35™ Family Relocatable 
Assembler package for use on an IBM PC, PC/XT®, PC 
AT®, or compatible host computer, is shipped with each 
DDK-70320 to allow you to develop code for evaluation 
purposes. Also included with the DDK-70320 is an emu- 
lator controller program for the IBM PC, a variety of 
V-Series software utilities, a small demonstration pro- 
gram, and a complete set of documentation. This total 
package provides you with a fast, efficient means for 
evaluating the capabilities of the »PD70320 for your 
application. : 


Features 


QO »PD70320 (V25) Evaluation Board with power supply 


QO On-board memory 
— 32K-byte EPROM (user expandable to 64K bytes) 
— 32K-byte RAM (user expandable to 64K bytes) 


QO Powerful on-board debug monitor 
— Real-time and single-step operation 
— Display/change memory and internal registers 
— Display/change special-function registers - 
— Line assembler and disassembler 
— Multiple software breakpoints 
— Input/output from 1/O ports 
— User program download capability 


CO Two RS-232C serial interfaces 
— One for a terminal or host computer 
— One for a user application 


Prototyping area for user circuitry 
IBM PC card form factor 
RA70320 V25/V35 Relocatable Assembler package 


Host control software for IBM PC, PC/XT, PC AT, or 
compatibles 


QO V-Series software utilities and demonstration 
programs 


o O88 0.0 
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Ordering Information 
Part Number 
DDK-70320 


Description 
pPD70320 Evaluation Board 


V25 and V35 are trademarks of NEC Corporation. 
PC/XT and PC AT are registered trademarks of International Business 
Machines Corporation. 
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Hardware 


The DDK-70320 (figure 1) features 64K bytes of on-board 
memory: 32K bytes of EPROM and 32K bytes of RAM. 
The EPROM area, which is dedicated to a powerful 
monitor program, can be expanded up 64K bytes. The 
RAM area can also be expanded to 64K bytes and 
contains the interrupt vector space, the monitor work 
area, and a user area for program downloading. 


A »PD71051 serial communications controller is con- 
nected through an RS-232C driver/receiver to a DB25 pin 
connector. The monitor uses this serial interface to 
communicate with an external terminal or host com- 
puter. A second RS-232C channel is connected to serial 
port 0 of the V25 for user applications. 


A RESET switch returns the DDK-70320 to the power-up 
state with or without losing the contents of the external 
RAM. An NMI switch returns control to the monitor from 
a user program while saving the user’s state. 


An ac/dc converter supplies power to the DDK-70320 in 
the stand-alone mode. The DDK-70320 can also receive 
its power directly from the IBM PC bus. 
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Software 


The DDK-70320 comes with a powerful interactive mon- 
itor to facilitate software design using the »PD70320. A 
user program can be downloaded into user RAM and 
executed in real-time with or without breakpoints, or it 
can be executed one instruction at a time. During 
single-stepping, the registers, program counter, and the 
next instruction to be executed are displayed. 


Figure 1. DDK-70320 Block Diagram’ 
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Table 1. DDK-70320 Command List 
Command Description 
A(ssemble) a line of source code 
D(ump) memory ~ 
E(nter) memory 
F(ill) memory 
G(o) with optional breakpoints 
H(elp) menu . 
\(nput) a byte from an I/O port 
L(oad) a HEX file onto the DDK-70320 
M(ove) a block of memory 
O{utput) a byte to an I/O port 
'» Register) display/alter R[reg] 
S(pecial) function register display/alter 
T(race): execution 


U(nassemble) a block of memory 


Y/C{A;L PI BLO; Z(H) “|Lyorpatyms|ol> 


‘H(elp) menu 


The DDK-70320 has 10 address breakpoints, which are 
set in the GO command line. The. monitor sets a break- 
point by substituting a BRK 3 instruction (opcode CCH) 
for an instruction in the user’s program. 


Additional commands are available to display, fill, 
change, or move inemory; display Or Change the general- 
purpose and special-function registers; input from or 
output to an 1/O port; disassemble memory; assemble a 
line of source code; and display the command list: Table 
1 lists all of the DDK-70320 monitor commands. 


System Bus 
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RA70320 Relocatable Assembler 
Package 


The RA70320 Relocatable Assembler package converts 
symbolic source code for NEC’s V25/V35 family of mi- 
crocomputers into executable absolute address object 
code. A copy of RA70320 is included with the DDK-70320 
for use on an IBM PC, PC/XT, PC AT, or compatibles. With 
this software, you can easily write evaluation programs 
for the »PD70320. 


Emulator Controller Program 


Absolute address object files produced by the RA70320 
Relocatable Assembler package can be downloaded to 
the DDK-70320 using the NEC Emulator Controller pro- 
gram supplied with the DDK-70320. This controller pro- 
gram allows you to download files from your IBM PC or 
compatible to the DDK-70320 board. The program pro- 
vides the following additional capabilities. 


Complete DDK-70320 control from host console 
On-line help facilities 

Host system directory and file display 

Storage of débug session on disk 
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Documentation 


For further information, refer to the DDK-70320 User's 
Manual supplied with the evaluation board. Additional 
copies may be obtained from NEC Electronics Inc. 


License Agreement 


RA70320 is provided under the terms of a license agree- 
ment included with the DDK-70320 board. The accom- 
panying card must be completed and returned to NEC 
Electronics Inc. to register the license. Software updates 
are provided to registered users. 


DDK-70320 
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Description 


The DDK-70330 is an evaluation board for NEC’s 
»PD70330 (V35™) 16-bit, single-chip microcomputer. 
The DDK-70330 gives you the maximum flexibility when 
evaluating and designing with the »PD70330. It features 
a »PD70330 with 128K bytes of EPROM, 128K bytes of 
RAM, two RS-232C communication ports, and a power- 
ful monitor program. The DDK-70330 board includes a 
prototyping area for building your application specific 
hardware. 


A copy of RA70320, the V25™/V35™ Family Relocatable 
Assembler package for use on an IBM PC, PC/XT®, PC 
AT®, or compatible host computer, is shipped with each 
DDK-70330 to allow you to develop code for evaluation 
purposes. Also included with the DDK-70330 is an emu- 
lator controller program for the IBM PC, a variety of 
V-Series software utilities, a small demonstration pro- 
gram, and a complete set of documentation. This total 
package provides you with a fast, efficient means for 
evaluating the capabilities of the »PD70330 for your 
application. 


Features 


O pPD70330 (V35) Evaluation Board with power supply 


QO On-board memory 
— 128K-byte EPROM 
— 128K-byte RAM (user expandable to 512K bytes) 


QO Powerful on-board debug monitor 
— Real-time and single-step operation 
— Display/change memory and internal registers 
— Display/change special-function registers 
— Line assembler and disassembler 
— Multiple software breakpoints 
— Input/output from I/O ports 
— User program download capability 


O Two RS-232C serial interfaces 
— One for a terminal or host computer 
— One for a user application 


Q Prototyping area for user circuitry 
QO RA70320 V25/V35 Relocatable Assembler package 


V25 and V35 are trademarks of NEC Corporation. 
PC/XT and PC AT are registered trademarks of International Business 
Machines Corporation. 
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DDK-70330 
Evaluation Board 
for V35 Microcomputer 


© Host control software for IBM PC, PC/XT, PC AT, or 
compatibles 


O V-Series software utilities and demonstration 
programs 


Ordering Information 
Part Number 
DDK-70330 


Description 
p#PD70330 Evaluation Board 


Hardware 


The DDK-70330 (figure 1) features 256K bytes of on- 
board memory: 128K bytes of EPROM and 128K bytes of 
RAM. The EPROM area includes a powerful monitor 
program and a user area. The RAM area can be ex- 
panded to 512K bytes by replacing the 64K x 4 dynamic 
RAMS with 256K x 4 dynamic RAMS. This RAM space 
contains the interrupt vectors, the monitor work area, 
and a user area for program downloading. 


A »PD72001 multiprotocal serial communications con- 
troller is connected through an RS-232C driver/receiver 
to a DB25 pin connector. The monitor uses this serial 
interface to communicate with an external terminal or 
host computer. A second RS-232C channel is available 
for connection to the second channel of the «PD72001 or 
one of the serial ports of the »PD70330 for user applica- 
tions. DMA interface circuitry between the »PD72001 
and the V35 is provided to allow the you to evaluate the 
DMA capabilities of both devices. 


A RESET switch returns the DDK-70330 to the power-up 
state with or without losing the contents of the external 
RAM. An NMI switch returns control to the monitor from 
a user program while saving the user’s state. An ac/dc 
converter supplies power to the DDK-70330. 


DDK-70330 _ KE 


Figure 1. DDK-70330 Block Diagram 
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Software 


The DDK-70330 comes with a powerful interactive mon- 
itor to facilitate software design using the n»PD70330. A 
user program can be downloaded into user RAM and 
executed in real-time with or without breakpoints, or it 
can be executed one instruction at a time. During 
single-stepping, the registers, program counter, and the 
next instruction to be executed are displayed. 


The DDK-70330 has 10 address breakpoints, which are 
set in the GO command line. The monitor sets a break- 
point by substituting a BRK 3 instruction (opcode CCH) 
for an instruction in the user’s program. 


Additional commands are available to display, fill, 
change, or move memory; display or change the general- 
purpose and special-function registers; input from or 
output to an I/O port; disassemble memory; assemble a 
line of source code; and display the command list. Table 
1 lists all of the DDK-70330 monitor commands. 


Table 1. 
Command 


DDK-70330 Command List 
Description 
A(ssemble) a line of source code 
D(ump) memory 
E(nter) memory 
F(ill) memory 
G(0) with optional breakpoints 


xIlQ; nim) o;>S 


Hielp) menu 


I(nput) a byte from an I/O port 

L(oad) a HEX file onto the DDK-70330 
M(ove) a block of memory 

O(utput) a byte to an I/O port 
R(egister) display/alter R[reg] 
S(pecial) function register display/alter 
T(race) execution 


U(nassemble) a block of memory 


Y1C/A}M;/Dlojzir 


H(elp) menu 
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RA70320 Relocatable Assembler Package 


The RA70320 Relocatable Assembler package converts 
symbolic source code for NEC’s V25/V35 family of mi- 
crocomputers into executable absolute address object 
code. A copy of RA70320 is included with the DDK-70330 
for use on an IBM PC, PC/XT, PC AT, or compatibles. With 
this software, you can easily write evaluation programs 
for the »PD70330. 


Emulator Controller Program 


Absolute address object files produced by the RA70320 
Relocatable Assembler package can be downloaded to 
the DDK-70330 using the NEC Emulator Controller pro- 
gram supplied with the DDK-70330. This controller pro- 
gram allows you to download files from your IBM PC or 
compatible to the DDK-70330 board. The program pro- 
vides the following additional capabilities. 


@ Complete DDK-70330 control from host console 
e On-line help facilities 

e Host system directory and file display 

e@ Storage of debug session on disk 


Documentation 


For further information, refer to the DDK-70330 User's 
Manual supplied with the evaluation board. Additional 
copies may be obtained from NEC Electronics Inc. 


License Agreement 


RA70320 is provided under the terms of a license agree- 
ment included with the DDK-70330 board. The accom- 
panying card must be completed and returned to NEC 
Electronics Inc. to register the license. Software updates 
are provided to registered users. 
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Description 


The IE-70136 is a portable, stand-alone, in-circuit emu- 
lator that provides hardware emulation and software 
debug capabilities for the 4PD70136 (V33™) 16-bit mi- 
croprocessor. 


Real-time and single-step emulation—coupled with soft- 
ware performance analysis, sophisticated memory map- 
ping, symbolic debugging, macrofile command facili- 
ties, user-programmable. breakpoints and_ trace 
qualifiers—create a powerful development environment. 


Command entry is simplified by eight dynamically re- 
programmed function keys, called softkeys, that visually 
prompt a user with the next level of commands. User 
programs can be uploaded/downloaded from a variety of 
host systems by a serial link or they can be loaded 
directly from an MS-DOS® disk. 


Features 


O Portable, stand-alone, in-circuit emulator 
— 9.5-inch amber CRT display 
— Two 5-inch, 640K-byie floppy-disk drives 
- — ASCII keyboard with eight function keys 

— EPROM programmer: 2732, 2764, 27128, 27256, 
27512 

-— Supports NEC’s V20®, V30®, V25™, V35™, V40™, 
v50™, V53™, and V60™ microprocessors 


Q Precise real-time and single-step emulation 
— Selectable internal clock: 8 MHz or 16 MHz 
— Up to 16-MHz external TTL clock 


Q Emulation memory bus size selection 


OQ 256K bytes of memory for prototype memory 
emulation; mappable into 16M-byte address space in 
4K-byte units 


Q Automatic break with disconnected target I/O 
access 


Six user-programmable hardware breakpoints 
— Real-time break on address, data, CPU status, or 
external input 
— Selectable as execution or nonexecution 


QO 256 user-programmable software breakpoints 
V20 and v30 are registered trademarks of NEC Corporation. 
V25, V33, V35, V40, V50, V53, and V60 are trademarks 


of NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 
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[E-70136 
In-Circuit Emulator 
for uPD70136 (V33) Microprocessor 


O Trace buffer: disassemble, frame, and code trace 
display 
— 8192 frames by 64 bits 
— Programmable enable/disable points 


Q Performance modes available for software 
performance evaluation: time interval, module 
activity, and count modes 


Full symbolic debug capabilities 
Symbolic line assembler and disassembler 
Macrofile command capability 

Dual window display in emulation mode 
Softkey and menu-driven user input 


System commands are available while in emulation 
mode 


oO 6 O O O DB 


Ordering Information 





Part Number Description 

IE-70136-A016 In-circuit emulator for or «PD70136 (V33) 
EP-70136L-A 68-pin PLCC/PGA emulation probe/sockot 
EP-70136GU-A 74-pin plastic QFP emulation probe 


HARDWARE DESCRIPTION 


The IE-70136 (figure 1) consists of a system chassis with 
a detachable ASCII keyboard and an emulation pod unit. 
The chassis houses a 9.5-inch amber CRT, two 5-1/4 
inch, 640K-byte floppy-disk drives, an EPROM program- 
mer, a card cage, a power supply, and three control 
boards. The boards are main CPU, expansion system 
memory, and emulation pod interface. 


The main CPU board contains a supervising CPU, 512K 
bytes of system memory, and the peripheral interfaces. 
The expansion system memory board provides an addi- 
tional 512K bytes of system memory. 


The emulation pod interface contains the clock selection 
logic, emulation bus sizing switch, and enabling of the 
RDY and BS8/BS16 signals from the target to emulator 
memory. The emulation pod contains the V33 EVACHIP, 
external event input, trigger out, and target interface. 
This unit connects to the target system by the EP- 
70136L-A emulation probe for the 68-pin PLCC/PGA. For 


the 74-pin plastic QFP, an EP-70136GJ-A probe si aa 


is also needed. 
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The IE-70136 supports the following external interfaces: 
two RS-232C serial ports, one Centronics parallel printer 
port, and one RGB video output. 


The emulator can be converted to support NEC’s V20, 
V25, V30, V35, V40, V50, V53, and V60 CMOS micropro- 
cessors by exchanging the appropriate control boards 
and the emulation pod unit. 


Figure 1. 1E-70136 System Configuration 
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Memory and I/O Mapping Capabilities 


The IE-70136 contains 256K bytes of zero wait-state 
emulation memory; 252K bytes are available for emulat- 
ing target RAM (read/write) or ROM (read only) and the 
remaining 4K bytes are reserved for use by the system 
monitor. 


The complete 16M-byte memory space of the »PD70136 
* must be mapped into one of the following categories. 


Target Memory resident in target system (read/ 
write) : 

ROM External ROM emulation memory (read 
only) 

RAM External RAM emulation memory (read/ 
write) 

Locked Access inhibited memory (remaining 


unmapped addresses) 


All memory mapping is executed in 4K-byte blocks using 
the Configure and Mapping softkey commands. If.an 
address mapped as “locked” is accessed or a write is 
attempted to ROM, a break in the emulation will occur. 


The I/O space of the 1PD70136 is always mapped to the 
target. If the probe is not connected to a target system, a 
break will occur in emulation when any target I/O is 
accessed. 


The target NMI and INT signals may be enabled or 
disabled by the Configure command. 


Emulation 


The IE-70136 executes wPD70136 user programs in real 
time in inree different moves: bieak,. trace, aid pertor- 
mance. In break emulation mode, the program is run in 
real time or in single-step mode until a breakpoint is 
encountered. In trace emulation mode, the program is 
executed in real time while filling the tracé buffer with 
bus information. 


In performance emulation mode, the emulator can: 


(1) Measure the execution time between enable and 
disable points 


(2) Measure the accumulated execution time in three 
areas of memory and then display the ratio of time 
spent within each area in both absolute and rela- 
tive terms 


(3) Count the number of times a particular trigger 
point is satisfied between enable and disable 
points. 


Once emulation is stopped in either break or trace mode, 
the trace automatically displays one screen of data, 
ending on the last instruction executed. .In performance 
mode, time is shown in a table and in a bar graph. At this 
point, it is possible to display the contents of memory, 
the general-purpose and special registers, the symbol 
tables, directories, and other information. All can be 
displayed individually or in split screen with the trace 
display. The windows may be scrolled independently. 


Break Capabilities 


The IE-70136 has six hardware peaaointe Five can be 
set to occur in response to a real-time event with the 
BCond command. The remaining one is reserved for 
setting a real-time address (execution only) saa ce 
with the GO command. 


You can use the BCond command to set bisaigione to 
occur on an address, a data value, or a CPU state. 
Hardware breakpoints can be either an execution or 
nonexecution type. An execution break occurs when an 
instruction is clocked into the execution unit of the V33. 
A nonexecution break occurs when the bus condition is 
satisfied regardless of the status of the instruction 
queue. sak. 


An enable and disable point can also be specified to 
indicate when detection of hardware break and trace is 
to start and stop. If not specified, trace and break 
detection is enabled when the GO command is exe- 
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cuted. The external channel can also be used to create 
a breakpoint. Either the rising or falling edge can be 
selected. 


Up to 256 software breakpoints can be set plus an 
additional one in the GO command. To set a software 
breakpoint, the emulator replaces an instruction in the 
user's program with a BRK 0 instruction. A break will 
occur when this instruction is executed, and the user’s 
program will be restored. This capability is not available 
for program code executing out of ROM. A Check com- 
mand is provided to verify that the breakpoint can 
actually be set. 


Trace Capabilities 


The trace buffer is 8192 frames by 64 bits wide and 
sampling is done on every machine cycle. The buffer is 
filled in round-robin fashion. The emulator traces the 
external address and data buses, the CPU and queue 
status, and control signals. 


The IE-70136 has five trace trigger points. When the 
trigger condition is true, a positive logic pulse is output 
on the TRIGGER OUT pin of the emulator pod. Separate 
ENABLE and DISABLE points can be set to restrict 
tracing or trigger detection to a particular section of 
program code. If not used, tracing and trigger detection 
will be enabled when the GO command is issued. An 
address point can be set with the GO command to 
record the trace-after, about, or before the condition is 
true. The external input can also be used as a trigger 
point. Either a positive or negative edge can be speci- 
fied. 


The trace data may be displayed in one of three modes: 
disassembly, frame, or code. In disassembly mode, fetch 
and execution cycles are displayed separately, and bus 
cycles are rearranged so that a fetch cycle and its 
associated execution cycle are displayed next to each 
other. In frame mode, the CPU bus cycle conditions are 
displayed as traced. In code mode, only the executed 
fetch cycles are displayed. In disassembly and code 
modes, the fetch cycle is displayed bright, the execution 
cycle is dim, and a trigger point is indicated by reverse 
video. 


SOFTWARE DESCRIPTION 


Software Performance Analysis 


Using the IE-70136, software performance can be eval- 
uated in real-time in any one of three different modes: 
run-time interval mode, module activity mode, and count 
mode. Improvements in software performance can be 
statistically measured. 
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Run-Time Interval Mode. Execution time from the en- 
able point to the disable point is repeatedly measured, 
and the mean value, the maximum value, the minimum 
value, and the distributed values are stored. The mea- 
sured distribution values, from a maximum of six time 
intervals, can be displayed graphically. 


Module Activity. The accumulated. execution time for 
three areas of code (from enable to disable points) can 
be measured. The ratio of time spent in each. one 
compared to the total measured time (ABS) and the ratio 
of time spent in each one compared to the time spent in 
all three areas (REL) can be displayed. If the overall 
processing speed does not satisfy the desired speed, 
the portion of the code taking more time can be deter- 
mined and improved. This mode can be very effective for 
increasing total throughput. 


Count Mode. The number of times a trigger point is 
satisfied within an area of code (from enable to disable 
points) can be counted. Up to four trigger points can be 
set and the ratio of the number of times each trigger 
point.is satisfied to the total number of all triggers is 
displayed. 


Address Specification 


An address can be specified as either a 24-bit absolute 
address (beginning with a ;) or as a segment:offset 
address. Segment:offset addresses can be either physi- 
cal, addressing only the base 1M byte, or logical. Logical 
addresses are converted to 24-bit physical addresses by 
the emulator according to the address extension table 
(EXPAND TABLE) specified by the SEText command. 


There are two types of expand tables. One uses the MMU 
(Memory Management Unit) in the CPU. However, con- 
version is done only during a break if the XA flag is set. 
Otherwise, no conversion is performed. A user-defined 
expand table is independent of the MMU. This table is 
defined by loading the extended linker locator output file 
(EL70136), by definition in the program stage, or by 
copying the contents of the MMU. With the user-defined 
table, conversion is performed regardless of the status of 
the XA flag. 


If the user-defined expand table is selected, conversion 
back to. logical address is performed according to this 
table when displaying trace results in disassembly mode. 


System Software 


The !E-70136 is controlled by the MIOS/U proprietary 
operating system. Command input is simplified by eight 
function keys, providing a choice of up to 24 softkeys 
within any menu level. The dynamically reprogrammed 
softkeys visually prompt with the next valid set of com- 
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mands. The softkeys are at the bottom of the display 
screen and correspond to the eight function keys on the 
keyboard. To select a command, press a softkey. The 
softkeys are automatically relabeled with the next set of 
commands. 


Aii system funciions can ve used in ermuiaior mode. The 
IE-70136 system software uses an overlay method so 
that a necessary program is loaded when a command is 
input and then executed. File handling, communica- 
tions, and PROM writing can be performed during emu- 
lation, reducing development time. 


Table 1 shows some of the utility programs provided with 
the emulator. 


Table 1. 1E-70136 Utility Programs 

Utility Function 

EMUV35 IE-70136 emulator software 

KERMIT Communication program for file transfer 
FILESERV File management for system disks 

EDITOR Full screen editor 

FORMAT _ Floppy-disk formatter 

PROM Built-in EPROM programmer control program 


TERMINAL Terminal utility program for file transfer between 
emulator and another intelligent device 


Symbol table converter; converts non-SROC symbol 
formats to SROC format . 


SYMBOL 


OBJCONV Object file converter: converts object files to and from 


the Motorola SROC format : 
TIMESET Internal battery backed-up clock and calendar setting 
DEFINE Soft key definition 
MDEVICE Disk format specification 


Connecting to Host Systems 


Host systems may be connected to the IE-70136 using 
the RS-232C connectors at the rear of the machine. 
Parameters such as baud rates, character length, parity, 
and number of stop bits are software programmable to 
suit the system being attached. The KERMIT communi- 
cations program is supplied with the emulator and can 
be used for uploading and downloading files. NEC’cur- 
rently provides KERMIT for the VAX® under VMS® and 
UNIX™ 4.2BSD or Ultrix™, the IBM PC, IBM PC/XT®, IBM 
PC/AT®, or compatibles under PC-DOS® or MS-DOS. .. 


Files may also be transferred to the emulator via the 
RS-232C ports using the TERMINAL utility. The emulator 
acts as a terminal for data transfer. 


Another means of loading files into the 1E-70136 is 
available with the Multiple File Handler utility, a program 
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that runs in the emulator itself and is supplied as part of 
the IE-70136 package. The Multiple File Handler allows 
the emulator to read MS-DOS disks, among others. - 


Symbolic Debug and Line Assembly/ 
Disassembly 


The IE-70136 supports complete symbolic debugging of 
programs produced by NEC’s RA70136 Relocatable As- 
sembler Package and various third-party software pack- 
ages, including those from Intel and Microsoft. The 
symbols can be used as address and data constants in 
break, trace, and emulation contro! commands and are 
displayed during disassembly. A symbolic line assembler 
is also available to make modifications to existing pro- 
grams or to enter code from the keyboard. 


SPECIFICATIONS 


Table 2 gives the electrical, environmental, and physical 
specifications of the equipment. 


Table 2. 1E-70136 Specifications 
AC power 90 to 132 V, 50/60 Hz, 400 W maximum 
Temperature Operating: +5 to +40°C 
Storage: -20 to +50°C 
Relative humidity Operating: 20 to 80% 


(noncondensing) _ Storage: 10 to 90% 


Main chassis: 40 pounds 
Pod and cables: 4-3/4 pounds 
19.7.x 16.7 x 8.7 inches 


Weight 


Dimensions (L x W x H) 


DOCUMENTATION 


The following manuals are supplied with the in-circuit 
emulator. Additional copies may be plains from NEC 
Electronics Inc. 


e@ |E-70136 In-Circuit Emulator User’s Manual 
e@ IE-70XXX-A Hardware User’s Manual 
e IE-70XXX-A Software Utilities User’s Manual . 


VAX and VMS are registered Hademarks of Digital Equipment 
Corporation. 

Ultrix is a trademark of Digital Equipment Corporation. 

UNIX is a trademark of AT&T. 

PC/XT, PC AT, and PC-DOS are registered trademarks of international 
Business Machines Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 


NEC IE-70136-PC 
In-Circuit Emulator 


NEC Electronics Inc. for uPD70136 (V33) Microprocessor 
Description OQ User-programmable software breakpoints 
— 100 logical/physical address breakpoints 


The IE-70136-PC is a low-cost in-circuit emulator that 
provides hardware emulation and software debug capa- 
bilities for the NEC »PD70136 (V33™) 16-bit micropro- ; : ie a 
cessor. It is designed to be used with an IBM PC, PC/XT®, | 7 Memory display/fill/move capability in byte or word 


maximum 
— Forced break possible 


PC AT®, or compatible machine under PC-DOS® or format 
MS-DOS®. — Access to normal or extended memory 
— Disassembler 

Features O Macro/batch processing capabilities 

Q Interfaces to host PC via a parallel interface 0 Direct access to PC-DOS and MS-DOS system 
— PC interface card and cable included commands 

C Real-time and single-step emulation O LED displays for CPU status: RUN, NOREADY, 
— 16-MHz internal clock HOLD, HALT 
— 2- to 16-MHz external clock ae O Load/Save programs using Extended COFF, NEC 
— 65,535 instructions can be stepped in single LNK, Intel Extended HEX, and Motorola SROC 

command formats 


O One 64kK-byte block of emulation memory 


O Four user-programmable breakpoints Ordering Information 


— Real-time break on address during instruction Part Number Description 
fetch, data memory read/write, or I/O read/write IE-70136-PC In-circuit emulator for 4PD70136/70332 
-70136L-P -pi PGA emulati 
V38 is a trademark of NEC Corporation. EP-70136L-PC 68-pin PLCC/PGA emulation probe/socket 


IBM PC, PC/XT, PC AT, and PC-DOS are registered: trademarks of 
International Business Machines Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 


Figure 1. 1E-70136-PC System Configuration 
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NEC 


NEC Electronics Inc. 


Description 


The JE-70208 and IE-70216 are portable, stand-alone, 
in-circuit emulators providing both hardware emulation 
and software debug capabilities for the NEC »PD70208 
(V40™) and »PD70216 (V50™) 16-bit microprocessors. 


Real-time and single-step emulation in both native and 
8080 emulation modes—coupled with sophisticated 
memory mapping, user-programmable breakpoints and 
trace qualifiers, symbolic debug, and macrofile com- 
mand facilities— create a powerful development environ- 
ment. ‘ 


Command entry is simplified by eight dynamically re- 
programmed function keys, called softkeys, that visually 
prompt the user with the next level of commands. User 
programs can be uploaded/downloaded from a variety of 
host systems by a serial link or loaded directly from an 
MS-DOS® disk. 


Features 


© Portable, stand-alone, in-circuit emulator 

— 9.5-inch amber CRT display 

— Two 5-inch, 640K-byte floppy-disk drives - 

— ASCII keyboard with eight function keys 

— EPROM programmer: 2732, 2764, 27128, 27256, 
27512 

— Supports NEC’s V20®, V25™, V30®, V33™, V35™, 
V53™, and V60™ microprocessors 


O Precise real-time and single-step emulation 
— Programmable internal clock: 2 to 10 MHz in 
1-kHz steps 
— External clock: 2 to 10 MHz 


QO Memory and I/O space mappable in 1K-byte blocks 
O 256K bytes of memory for prototype memory 
emulation; expandable to 768K bytes 


O Eight user-programmable hardware breakpoints 
— Real-time break on address,.data, CPU status, or 
external probes 
— Break on pass count and register, memory, or I/O 
values 
— Selectable as execution or code fetch break 


QO 16 user-programmable software breakpoints 


V20 and V30 are registered trademarks of NEC Corporation 
V25, V33, V40, V50, V53, and V60 are trademarks of NEC Corporation 
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IE-70208, IE-70216 
In-Circuit Emulators 


for pPD70208 (V40) and pPD70216 (V50) 


Microprocessors 


QO Trace buffer: machine cycle, mnemonic, and jump 
trace display 
— 1024 frames by 64 bits 
— Programmable trigger point and trace qualifiers 


O Eight optional probes for tracing target system 
signals 


Full symbolic debug capabilities 
Symbolic line assembler and disassembler 
Macrofile command capability 

Dual window display in emulation mode 
Softkey and menu driven user input 
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Ordering Information 

Package 

In-circuit emulator for ».PD70208 (with V40 pod) 
In-circuit emulator for .PD70216 (with VSO pod) 
68-pin PLCC package emulation probe 


Part Number 
IE-70208-A010 
1E-70216-A010 
IE-70000-2958 
IE-70000-2959 
1E-70208-2010 
IE-70216-2010 - 
IE-70000-2954 
IE-70000-2957 ~ 


68-pin PGA package emulation probe 
Optional pod unit for .PD70208 emulation 
Optional pod unit for 4PD70216 emulation 
Optional external logic probes 


Optional 512K-byte expansion emulation 
memory 


HARDWARE DESCRIPTION 


The IE-70208/216 (figure 1) consists of a system chassis 
with a detachable ASCII keyboard and an emulation pod 
unit. The chassis houses a 9.5-inch amber CRT, two 5-1/4 
inch 640K-byte floppy disk drives, an EPROM program- 
mer, card cage, power supply, and three control boards. 
The boards are main CPU, emulation control, and trace- 
emulation memory. 


The main CPU board contains the supervising CPU, 
512K bytes of system memory, and the peripheral inter- 
faces. The emulation control board controls the memory 
mapping, event detection, and the break and emulation 
CPU status circuitry. The trace-emulation board con- 
tains a trace buffer and 256K bytes of external emulation 
memory. The optional IE-70000-2957, a 512K-byte ex- 
pansion emulation memory board, may be installed to 
increase the external emulation memory to 768K bytes. 
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The external emulation pod unit houses the emulation 
CPU, high-speed buffers, and clock selection logic: The 
emulation pod unit can be connected to the target 
system with one of two emulation probes: IE-70000-2958 
supports the 68-pin PLCC package and the IE-70000- 
2959 supports the 68-pin PGA package. These probes 
are ordered separately. 


The IE-70208/216 supports the following external inter- 
faces: two RS-232C serial ports, one Centronics parallel 
printer port, an RGB video output, and eight optional 
external logic probes. These probes (IE-70000-2954) can 
be used for tracing and/or breaking on signals from the 
target system. 


Ease of migration within the V-Series family of emulators 
is provided in the system design. To alternate between 
V40 and V50 emulation simply requires changing the 
emulation pod unit. The emulator can also be converted 
to support the V20, V25, V30, V33, V35, V53, and V60 
CMOS microprocessors by exchanging the appropriate 
control boards and the emulation pod unit. 


Figure 1. 1E-70208/216 System Configuration 
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Memory and I/O Mapping Capabilities 


The IE-70208/216 contains 256K bytes (expandable to 
768K bytes) of emulation RAM (0 wait states) for emu- 
lating external RAM or ROM. The complete 1M-byte 
memory space of the »PD70208/70216 must be mapped 


Semde men al dan SAN Artin AAtAAAEAR Af MaMa 
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Target Memory resident in target system 
(read/write) . 

ROM External ROM emulation memory 
(read only) 

RAM External RAM emulation memory 
(read/write) 

Locked Access inhibited memory 


(remaining unmapped addresses) 


All memory mapping is done in 1K-byte blocks using the 
Configure and Memory softkey commands. If an address 
mapped as “locked” is accessed, a break in the emulation 
will occur. 


The complete 64K-byte !/O space of the 4PD70208/70216 
must be mapped in 1K-byte blocks to the emulation 
memory, the target system, or as “locked” memory. 


Emulation 


The IE-70208/216 executes »PD70208 and »PD70216 
user programs in real-time.in four different modes: break, 
trace, count, and time. 


(1) In break emulation mode, the user’s program is 
executed in real-time or in single-step until a break- 
point is encountered. 


(2) In trace emulation mode, the user’s. program is 
executed until the trace buffer is filled. 


(8) During the count emulation mode, the emulator 
counts the number of times a particular trigger 
point is reached within a given set of conditions. 


(4) In time emulation mode, the emulator measures 
execution time between the specified enable and 
disable points. The measurable time range is from 0 
to 72 minutes (in microseconds). 
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Once emulation is stopped in either break or trace mode, 
the trace automatically displays one screen of data, 
ending on the last instruction executed. In count or time 
mode, the current count or elapsed time is displayed. At 
this point, it is possible to display the contents of 
memory, the general-purpose and special registers, the 
symbol tables, directories, and other information. All can 
be displayed individually or by split screen with the trace 
display. The windows may be scrolled independently. 


Prior to the start of emulation, the user can specify 
whether an external or internal clock will be used for 
emulation, whether the internal or external ready signal 
is used, and whether the NMI signal from the target 
system should be enabled or disabled. If the internal 
clock is used, it can be set from 2 to 10 MHz in 1-kHz 
steps. - 


Break Capabilities 


The IE-70208/216 has eight hardware breakpoints. Seven 
can be set to occur on a real-time event or a non- 
real-time condition. The remaining one is reserved for 
setting a real-time address breakpoint in the GO 
command. 


Areal-time breakpoint can be set to occur on an address, 
a data value, a CPU state, or the external probe status. 
A non-real-time breakpoint can be set to occur after 
satisfying an address/condition setting a certain number 
of times (maximum 4096). 


Conditions pertaining to the general-purpose registers, 
memory locations, I/O locations or the external probes 
can be defined. For non-real-time breakpoints, the user 
program is executed in real time until it reaches the 
address, then emulation pauses while the conditions are 
checked. If the conditions are not satisfied, emulation 
will continue in this manner until they are met. 


To distinguish between the condition occurring at an 
op-code fetch or at the execution of an instruction, each 
breakpoint can be tagged with either a nonexecution or 
execution flag. 


Up to 16 software breakpoints can be set plus an 
additional one in the GO command. To set a software 
breakpoint, the emulator replaces an instruction in the 
user's program with a BRK 0 instruction. A break will 
occur when this instruction is executed, and the user’s 
program will be restored. This capability is not available 
for program code executing out of ROM. 
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Trace Capabilities 


The trace buffer is 1024 frames by 64 bits wide and 
sampling is done on every machine cycle. The buffer is 
filled in a round-robin fashion. The emulator traces the 
external address and data buses, the CPU and queue 
status, and the eight external logic probes. 


The 1E-70208/216 has eight trace specification points. 
One of these is reserved for setting a trigger point in the 
GO command. The other seven can be specified as trace 
trigger, enable, disable, qualify, or check points. Check 
points are used to display register, memory, or 1/O 
contents each time a certain event or address occurs. 
The trace buffer can be split into a maximum of 64 
partitions to allow tracing of particular segments of the 
user program (i.e., subroutines). 


The trace data may be displayed in one of three modes: 
machine, disassembly, or jump. In machine display 
mode, all bus activity is displayed in machine code. In 
disassembly mode, all instructions are disassembled. In 
jump mode, only instructions that alter program flow are 
displayed. 


SOFTWARE DESCRIPTION 
System Software 


The IE-70208/216 is controlled by the MIOS/U propri- 
etary operating system. Command input is simplified by 
eight function keys (providing a choice of up to 24 
softkeys within any menu level). The dynamically repro- 
grammed softkeys visually prompt with the next valid set 
of commands. The softkeys are at the bottom of the 
display screen and correspond to one of the eight 
function keys on the keyboard. To select a command, 
press a softkey. The softkeys are automatically relabeled 
with the next set of commands. 


Table 1 lists the utility programs provided with the 
emulator. 





IE-70208, IE-70216 


Table 1. 1E-70208/216 Utility ibe sles 


Utilities Function 

EMUV4050 - IE-70208/216 emulator software 

KERMIT Communication program for file transfer 

FILESERV File management for system disks 

EDITOR Full screen editor 

FORMAT Floppy-disk formatter 

PROM Built-In EPROM programmer control program 

TERMINAL Terminal utility program for file transfer between 
emulator and another intelligent device 

SYMBOL Symbol table converter; converts non-SROC 
symbol formats to SROC format. 

OBJCONV Object file converter; converts object files to” 
and from the Motorola SROC format. 

TIMESET Internal battery backed-up clock and calendar 
setting 

DE FINE Softkey definition 

MDEVICE Disk format specification 


Connecting to Host Systems 


Host systems may be connected to the IE-70208/216 via 
the RS-232C connectors at the rear of the machine. 
Parameters such as baud rates, character length, parity, 
and number of stop bits are software programmable to 
suit the system being attached. The KERMIT communi- 
cations program supplied with the emulator can be used 
for uploading and downloading files. Currently, NEC 
provides KERMIT for the VAX® under VMS® and UNIX™ 
4.2 BSD or Ultrix™, and the IBM PC, PC/XT®, PC AT®, or 
compatibles under PC-DOS™ or MS-DOS®. 


Files may also be transferred to the emulator via the 
RS-232C ports by using the TERMINAL utility. The em- 
ulator acts as a terminal for data transfer. 


Another means of loading files into the IE-70208/216 is 
available with the Multiple File Handler utility, a program 
that runs in the emulator itself and is supplied as part of 
the IE-70208/216 package. The Multiple File Handler 
allows the emulator to readMS-DOS disks, among 
others. 


VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 

Ultrix is a trademark of Digital Equipment Corporation. 

UNIX is a trademark of AT&T. 

PC/XT, PC AT, and PC-DOS are registered trademarks of International 
Business Machines Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 
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Symbolic Debug and Line Assembly/ 
Disassembly 


The 1E-70208/216 supports complete symbolic debug- 
ging of programs produced by NEC’s RA70116 Relocat- 
able Assembler Package and various other third-party 


al. 
sortwaire packages, incUaING those from Intel and Mi- 


crosoft. The symbols can be used as address and data 
constants in break, trace, and emulation control com- 
mands and are displayed during disassembly. A sym- 
bolic line assembler is also available to make modifica- 
tions to existing programs or to enter code from the 
keyboard. 


SPECIFICATIONS 


Table 2 gives the electrical, environmental, and physical 
specifications of the equipment. 


IE-70208/216 Specifications 
90 to 132 V, 50/60 Hz, 400 W maximum 


Table 2. 
AC power 
Temperature Operating: +5 to +40°C 
Storage: -20 to +50°C 
Operating: 20 to 80% 
Storage: 10 to 90% 

Main chassis: 40 pounds 


Relative humidity 
(noncondensing) 
Weight 

Pod and cables: 4-3/4 pounds, 


Dimensions (LxWxH) 19.7 x 16.7 x 8.7 inches 


DOCUMENTATION 


The following manuals are supplied with the in-circuit 
emulator. Additional copies may be obtained from NEC 
Electronics Inc. 


e@ JE-70208/216 In-Circuit Emulator User’s Manual 
@ JE-70XXX-A Hardware User’s Manual 
@ |IE-70XXX-A Software Utilities User’s Manual 
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NEC Electronics Inc. 


Description 


The IE-70320 is a portable, stand-alone, in-circuit emu- 
lator that provides hardware emulation and software 
debug capabilities for the NEC BETO seO Ree (V25™) 
16-bit, single-chip microcomputers. 


Real-time and single-step emulation, coupled with so- 
phisticated memory mapping, symbolic debugging, 
macrofile command facilities, and user-programmable 
breakpoints and trace qualifiers create a Pewertu) devel- 
opment environment. 


Command entry is simplified by eight dynamically re- 
programmed function keys, called softkeys, that visually 
prompt a user with the next level of commands. User 
programs can be uploaded/downloaded from a variety of 
host systems by a serial link or they can be loaded 
directly from an MS-DOS® disk. 


Features 


Q Portable stand-alone in-circuit emulator: 

— 9.5-inch amber CRT display 

— Two 5-inch, 640K-byte floppy-disk drives 

— ASCII keyboard with eight function keys 

— EPROM programmer: 2732, 2764, 27128, 27256, 
27512 

— Can be converted to support NEC’s V20®, V30®, 
V33™, V35™, V40™, V50™, V53™, and V6é0™ 
microprocessors 


Q Precise real-time and single-step emulation 
— Programmable internal clock: 1 to 16 MHz in 
1- kHz steps 
— Up to 16 MHz external TTL clock 


O Memory and I/O space mappable in 4K-byte blocks 
QO 32K bytes of memory for’internal ROM emulation 


O 124K bytes of memory for prototype memory 
emulation; expandable to 636K bytes 


Q Eight user-programmable hardware breakpoints 
— Real-time break on address, data, CPU status; or 
external probes 
— Break on pass count and register, memory, or I/O 
values 
— Selectable as execution or nonexecution 


V20 and V30 are registered trademarks of NEC Corporation. 
V25, V33, V35, V40, V50, V53, and V60 are trademarks of 
NEC Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 
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IE-70320 


In-Circuit Emulator 
for pPD70320/70322 (V25) Microcomputers 


QO 16 user-programmable software breakpoints 


Q Trace buffer: machine cycle, mnemonic, and jump 
trace display 
— 2047 frames by 108 bits 
— Programmable trigger point and trace qualifiers — 


Q Eight optional probes for tracing of target systems 
signals 


Full symbolic debug capabilities 
Symbolic line assembler and disassembler 
Macrofile command capability 

Dua! window display in emulation mode 
Softkey and menu-driven user input 
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Ordering Information 
Part Number 
IE-70320 -A008 
1E-70320-RTOS 
EP-70320L 
IE-70000 -2957 


Package 

In-circuit emulator for 4PD70320/70322 
#PD79011 RTOS System Software for IE-70320 
#PD70320/70322 84-pin PLCC emulation probe 


Optional 512K-byte expansion emulation 
memory 


IE-70000 -2954 
EP-70320GJ 


Optional external logic probes 


Optional 94-pin plastic QFP package probe 
adapter for use with EP-70320L 


Hardware 


The IE-70320 (figure 1) consists of asystem chassis with 
a detachable ASCII keyboard and an emulation pod unit. 
The chassis houses a 9.5-inch amber CRT, two 5-1/4 inch 
640K-byte floppy-disk drives, an EPROM programmer, 
card cage, power supply, and five control boards. The 
boards are main CPU, expansion system memory, emu- 
lation control | and Il, and trace emulation memory. 


The main CPU board contains a supervising CPU, 512K 
bytes of system memory, and the peripheral interfaces. 
The expansion system memory’ board provides an addi- 
tional 512K bytes of system memory. 


The two emulation contro! boards control memory map- 
ping, event detection, and the break and emulation CPU 
status circuitry. The trace emulation board contains a 
trace buffer and 124K bytes of external emulation mem- 
ory. The optional IE-70000-2957, a 512K-byte expansion 
emulation memory board, may be installed to increase 
the external emulation memory to 636K bytes. 
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The emulation pod unit houses the »PD70329 EVACHIP 
used to emulate the »PD70320 or uPD70322, the internal 
ROM emulation memory, the high-speed buffers, and the 
clock selection logic. This unit can be connected to the 
target system by the EP-70320L, an emulation probe for 
the 24-nin PLCC. For the 94-nin nlastic OFP package, an 
EP-70320GJ probe adapter is also needed. 


The IE-70320 supports the following external interfaces: 
two RS-232C serial ports, one Centronics parallel printer 
port, and one RGB video output. 


An optional external logic probe unit (IE-70000-2954) is 
also available . The eight probes contained in the unit 
allow signals on the target system to be used in the 
break and trace functions. 


The emulator can be converted to support NEC’s V20, 
V30, V33, V35, V40, V50, V53, or V60 CMOS microproces- 
sors by exchanging the appropriate control boards and 
the emulation pod unit. . 


Figure 1. 


IE-70320 System Contiguration 





Memory and I/O Mapping Capabilities 


The IE-70320 contains two kinds of emulation memory: 
32K bytes of high-speed RAM that can be accessed in 
one clock cycle per byte for emulating the internal ROM 
of the »PD70322, and 124K bytes (expandable to 636K 
bytes) of two-cycle RAM (0 wait states) for emulating 
external RAM or ROM. 


The complete 1M-byte memory space of the 4PD70320/ 
»PD70322 must be mapped into one of the following 
categories: 
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INTROM Internal 1PD70322 ROM emulation memory 
(0, 8, 16, or 32K bytes selectable) 

ROM External ROM emulation memory 
(read only) 

RAM External RAM emulation memory 
(read/write) 

Target Memory resident in target system 
(read/write) 

Locked Access inhibited memory 


(remaining unmapped addresses) 


All memory mapping except INtrom is executed in 4K- 
byte blocks using the CONFlGure and MEMory softkey 
commands. If an address that has been mapped as 
"locked” is accessed, a break in emulation will occur. 


‘The complete 64K-byte input/output space of the 


»PD70320 or »PD70322 must be mapped in 4K-byte 
blocks either to the RAM emulation memory, to the target 
system, or as “locked” memory. 


Emulation 


The IE-70320 executes »PD70320 and wPD70322 user 
programs in real time in four different modes: break, 
trace, count, and time. 


(1) In break emulation mode, the program is run in real 
time or in single step until a breakpoint is encoun- 
tered. 


(2) In trace emulation mode, the program is executed 
until the trace buffer is filled. 


(3) In count emulation mode, the emulator counts the 
number of times a particular trigger point is 
reached within a given set of conditions. 


(4) Intime emulation mode, the emulator times execu- 
tion between the specified enable and disable 
points. The measurable time range is from 0 to 72 
minutes (in microseconds). . 


Once emulation is stopped in either break or trace mode, 
the trace automatically displays one screen of data, 
ending on the last instruction executed. In count or time 
mode, the current count or elapsed time is displayed. At 
this point, it is possible to display the contents of 
memory, the general-purpose and special registers, the 
symbol tables, directories, and other information. All can 
be displayed individually or by split screen with the trace 
display. The windows may be scrolled independently. 
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Prior to the start of emulation, the user can specify the 
internal ROM size (if any), whether an external or inter- 
nal clock will be used for emulation, and whether the 
NMI, READY, and HOLD signals from the target system 
should be enabled or disabled. If the internal clock is 
used, it can be set from 1 to 16 MHz in 1-kHz steps. 


Break Capabilities 


The IE-70320 has eight hardware breakpoints. Seven can 
be set to occur on a real-time event or a non-real-time 
condition. The remaining one is reserved for setting a 
real-time address breakpoint in the GO command. 


A real-time breakpoint can be set to occur on an address, 
a data value, a CPU state and an external probe status. 
A non-real-time breakpoint can be set to occur after an 
address/condition setting has been satisfied for a cer- 
tain number of times (maximum 4096). 


Conditions pertaining to the general-purpose registers, 
memory locations, input/output locations, or external 
probes can be defined. For non-real-time breakpoints, 
the user program is executed in real time until it reaches 
the break address. Emulation stops while the conditions 
are checked. If the. conditions are not satisfied, emula- 
tion will continue in this manner until they are met. 


To distinguish between an address condition occurring 
at any memory read/write access or the execution of an 
instruction, each breakpoint can be tagged with either a 
nonexecution or execution flag. 


Up to 16 software breakpoints can be set plus an 
additional one in the GO command. To set a software 
breakpoint, the emulator replaces an instruction in the 
user's program with a BRK 0 instruction. A break will 
occur when this instruction is executed, and the user’s 
program will be restored. This capability is not available 
for program code executing out of ROM. 


Trace Capabilities 


The trace buffer is 2047 frames by 108 bits wide and 
sampling is done on every machine cycle. The buffer is 
filled in a round-robin fashion. The emulator traces the 
external address and. data buses, the internal ROM 
address and data buses, the CPU and queue status, the 
DMAAKO/DMAAK1 pins, and the eight external logic 
probes. 


The IE-70320 has eight trace specification points. One of 
these is reserved for setting a trigger point in the GO 
command. The other seven can be specified as trace 
trigger, enable, disable, qualify, or check points. Check 
points are used to display the register, memory, or 
input/output contents each time a certain event or ad- 
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dress occurs. The trace buffer can be split into a maxi- 
mum of 128 partitions to allow tracing of particular 
segments of the user program (i.e., subroutines). 


The trace data may be displayed in one of three modes: 
machine, disassembly, or jump. In machine display 
mode, all bus activity is displayed in machine code. In 
disassembly mode, all instructions are disassembled. In 
jump mode, only instructions that alter program flow are 
displayed. 


IE-70320-RTOS System Software 


The optional IE-70320-RTOS system software allows the 
IE-70320 to be used for hardware emulation and soft- 
ware debugging for the »PD79011, a V25 16-bit, single- 
chip microcomputer with an on-board real-time operat- 
ing system (RTOS). When using the IE-70820-RTOS 
system software, the RTOS object code is loaded into 
the 16K bytes of internal ROM emulation memory when- 
ever the IE-70320 is powered up or the CAncel command 
is executed. 


In addition, the IE-70320-RTOS system software adds 
the following commands to the IE-70320. 


Mem/reg SYstime 
Display TStat 


Sets system time of the RTOS. 
Displays system time, task 
status, number of unused | 
memory blocks, segment value 
of all messages queued in the 
TCB, start address of the 
initialization routine, and 
interrupt return address in the 
TCB for a specified task. 


Displays status of specified 
mail box. : 


Displays number of tasks 
waiting for specified 
semaphore and remaining 
number of free resources. 
Displays a list of all tasks 
currently being managed by 
RTOS and their state. 


Display MAilbox 


Display SEmaph 4 


Display TMap 
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System Software — ee ae 


The !E-70320 is controlled by the MIOS/U prontlelary 
operating system. Command input is simplified by eight 
function keys (providing a choice of up to 24 softkeys 
within any menu level). The dynamically reprogrammed 
softkeys visually prompt the user with the next valid set 
of commands. The softkeys are at the bottom of the 
display and correspond to the eight function keys. To 
select a command, the desired softkey is entered, and 
the softkeys are automatically relabeled with the next set 
of commands. | 


Table 1 shows some of the utility programs provided with 
the emulator. 


Table 1.° [E-70320 Utility Programs 


Utility ’ Function 
EMUV25 IE-70320 emulator software 
KERMIT Communication program for file transfer 
FILESERV File management for system disks 
EDITOR Full screen editor 
FORMAT Floppy-disk formatter — 
PROM Built-in EPROM programmer control program 
TERMINAL Terminal utility program for file transfer between 
emulator and another intelligent device 
SYMBOL Symbol Table Converter: converts non-SROC 
- symbol formats to SROC format. 
OBJCONV Object File Converter: converts object files to 
and from the Motorola SROC format. 
“ TIMESET Internal battery backed-up clock and calendar 
setting 
DEFINE . Softkey definition 
MDEVICE Disk format specification 


Connecting to Host Systems 


Host systems may be connected to the IE-70320 by the 
RS-232C connectors at the rear of the machine. Param- 
eters such as baud rates, character length, parity, and 
number of stop bits are software programmable to suit 
the system being attached. The KERMIT communica- 
tions program is supplied with the emulator and can be 
used for uploading and downloading files. NEC currently 
provides KERMIT for the VAX® under VMS® and UNIX™ 
4.2 BSD or Ultrix®, the IBM PC, PC/XT®, IBM PC AT®, or 
compatibles under PC-DOS® or MS-DOS. 


VAX, VMS, and Ultrix are registered trademarks of Digital Equipment 
Corporation. 

UNIX is a trademark of AT&T Bell Laboratories 

PC/XT, PC AT, and PC-DOS are registered trademarks of International 
Business Machines Corporation. 


Files may also be transferred to the emulator via the 
RS-232C ports by using the TERMINAL utility. The em- 
ulator acts as a termina! for data transfer. 


Another means of loading files into the IE-70320 is 
available with the Multiple File Handler utility, a program 
inai runs in ihe emulator iiseit ana WHICH is also supped 
as part of the IE-70320 package. The Multiple File Han- 
dler allows the emulator to read MS-DOS disks, among 
others. 


Symbolic Debug and Line Assembly/ 
Disassembly . 


The IE-70320 supports complete symbolic debugging of 
programs produced by NEC’s RA70320 Relocatable As- 
sembler package and various other third-party software 
packages, including those of Intel and Microsoft. The 
symbols can be used as address and data constants in 
break, trace, and emulation control commands and are 
displayed during disassembly. A symbolic line assembler 
is also available to make modifications to existing pro- 
grams or to enter code from the keyboard. 


Specifications 


Table 2 gives the electrical, environmental, and ivalcel 
specifications of the equipment. 


Table 2. 1E-70320 Specifications 

90'to 132 V, 50/60 Hz, 400 W maximum 
Operating: +5 to +40°C 

Storage: -20 to +50°C 

Operating: 20 to 80% 

Storage: 10 to 90% 

Main chassis: 40 pounds 


Ac power 
Temperature 


Relative humidity 
(noncondensing) 
Weight 

Pod and cables: 4-3/4 pounds 
Dimensions (LxWxH) 19.7 x 16.7 x 8.7 inches 


Documentation 


The following manuals are supplied with the in-circuit 
emulator. Additional copies may be obtained from NEC 
Electronics Inc. . 


e@ IE-70320 In-Circuit Emulator User’s Manual 
@ |E-70XXX-A Hardware User's Manual 
e IE-70XXX-A Software Utilities User's Manual 


e IE-70320-RTOS »PD79011 RTOS System Software 
User's Manual 
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NEC Electronics Inc. 


Description 


The IE-70330 is a portable, stand-alone, in-circuit emu- 
lator that provides hardware emulation and software 
debug capabilities for the 1.PD70330/70332 (V35™) 16- 
bit, single-chip microcomputers. 


Real-time and single-step emulation, coupled with so- 
phisticated memory mapping, symbolic debugging, 
macrofile command facilities, and user-programmable 
breakpoints and trace qualifiers, create a powerful de- 
velopment environment. 


Command entry is simplified by eight dynamically re- 
programmed function keys, called softkeys, that visually 
prompt a user with the next level of commands. User 
programs can be uploaded/downloaded from a variety of 
host systems by a serial link, or they can be loaded 
directly from an MS-DOS® disk. 


Features 


© Portable, stand-alone, in-circuit emulator 

— 9.5-inch amber CRT display 

— Two 5-inch, 640K-byte floppy-disk drives 

— ASCII keyboard with eight function keys 

— EPROM programmer: 2732, 2764, 27128, 27256, 
27512 

— Supports NEC’s V20®, V30®, V33™, V25™, V40™, 
V50™, V53™, and V60™ microprocessors 


O Precise real-time and single-step. emulation 
— Programmable internal clock: 1 to 16 MHz in 
1-kHz steps 
— Up to 16-MHz external TTL clock 


Q Memory and I/O space mappable in 4K-byte blocks 
O 32K bytes of memory for internal ROM emulation 


QO 124K bytes of memory for prototype memory 
emulation;. expandable to 636K bytes 


O Eight user-programmable hardware breakpoints 
— Real-time break on address, data, CPU status, or 
external probes 
— Break on pass count and register, memory, or I/O 
values ‘ 
— Selectable as execution or nonexecution 


V20 and V30 are registered trademarks of NEC Corporation. 
V25, V33, V35, V40, V50, V53, and V60 are trademarks 

of NEC Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 
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IE-70330 
In-Circuit Emulator 


for yPD70330/70332 (V35) Microcomputers 


O 16 user-programmable software breakpoints 


Q Trace buffer: machine cycle, mnemonic, and jump 
trace display 
— 2047 frames by 108 bits 
— Programmable trigger point and trace qualifiers 


Q Eight optional probes for tracing target system 
signals 


Full symbolic debug capabilities 

Symbolic line assembler and disassembler - 
Macrofile command capability 

Dual window display in emulation mode 
Softkey and menu-driven user input 


O oO 0 0 0 


Ordering Information 
Part Number 

1E-70330-A008 
1E-70330-RTOS 


Description 
In-circuit emulator for 4PD70330/70332 (V38) 


#PD79021 RTOS system software for 
IE-70330-A008 © 


»PD70820/70322 84-pin PLCC emulation probe 


Optional 512K-byte expansion emulation 
memory 


EP-70320L 
IE-70000 -2957 


IE-70000 -2954 
EP-70320GJ 


Optional external logic probes 


Optional 94-pin plastic QFP package probe 
adapter for use with EP-70320L 


Hardware . 


The IE-70330 (figure 1) consists of a system chassis with 
a detachable ASCII keyboard and an emulation pod unit. 
The chassis houses a 9.5-inch amber CRT, two 5-1/4 inch 
640K-byte floppy-disk drives, an EPROM programmer, 
card cage, power supply, and five control boards. The 
boards are main CPU, expansion system memory, emu- 
lation control | and Il, and trace emulation memory. 





The main CPU board contains a supervising CPU, 512K 
bytes of system memory, and the peripheral interfaces. 
The expansion system memory board provides an addi- 
tional 512K bytes of system memory. 
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The two emulation control boards contro! memory map- 
ping, event detection, and the break and emulation CPU 
status circuitry. The trace emulation board contains a 
trace buffer and 124K bytes of external emulation mem- 
ory. The optional IE-70000-2957, a 512K-byte expansion 
emuiator memory board, may be iistalied io increase 
the external emulator memory to 636K bytes. 


The emulation pod unit houses the »PD70339 EVACHIP 
used to emulate the 1PD70330 or ».PD70332, the internal 
ROM emulation memory, the high-speed buffers, and the 
clock selection logic. This unit can be connected to the 
target system by the EP-70320L, an emulation probe for 
the 84-pin PLCC. For the 94-pin plastic QFP, an EP- 
70320GJ probe adapter is also needed. 


The IE-70330 supports the following external interfaces: 
two RS-232C serial ports, one Centronics parallel printer 
port, and one RGB video output. 


An optional external logic probe unit (IE-70000-2954) is 
also available. The eight probes contained in the unit 
allow signals on the target system to be used in the 
break and trace functions. 


The emulator can be converted to support NEC’s V20, 
V25, V30, V33, V40, V50, V53, and V60 CMOS micropro- 
cessors by exchanging the appropriate control boards 
and the emulation pod unit .. 


Figure 1. lE-70330 System Configuration 





Memory and I/O Mapping Capabilities 


The IE-70330 contains two kinds of emulation memory: 
32K bytes of high-speed RAM that can be accessed in 
one clock cycle per byte for emulating the internal ROM 
of the »PD70332, and 124K bytes (expandable to 636K 
bytes) of two-cycle RAM (0 wait states) for emulating 
external RAM or ROM. 
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The complete 1M-byte memory space of the »PD70330/ 
70332. must be mapped into one of the following cate- 
gories: 


INTROM Internal »PD70332 ROM emulation memory 
(0. 8. 16, 32K bytes selectable) 

ROM ‘External ROM emulation memory 

. (read only) 

RAM External RAM emulation memory 
(read/write) 

Target Memory resident in target system 
(read/write) 

Locked = Access inhibited memory 


(remaining unmapped addresses) 


All memory: mapping except INTROM is executed in 
4K-byte blocks using the Configure and Memory softkey 
commands. If an address that has been mapped as 
"locked" is accessed, a break in emulation will occur. 


The complete 64K-byte input/output space of the 
»PD70330 or #PD70332 must be mapped in 4K-byte 
blocks either to the RAM emulation memory, to the target 
system, or as “locked” memory. 


Emulation 


The IE-70330 executes 4PD70330 and »PD70332 user 
programs in real time in four different modes: break, 
trace, count, and time. 


(1) in break emulation mode, the program is run in real 
time or in single step until a breakpoint is encoun- 
tered. 


(2) Intrace emulation mode, the program is executed 
until the trace buffer is filled. 


(3) In count emulation mode, the emulator counts the 
number ‘of times: a particular trigger point is 
reached within a given set of conditions. 


(4) Intime emulation mode, the emulator times execu- 
tion between the specified enable and disable 
‘points. The measurable time range is from 0 to 72 
minutes (in microseconds). 


Once emulation is stopped in either break or trace mode, 
the trace automatically displays one screen of data, 
ending on the last instruction executed. In count or time 
mode, the current count or elapsed time is displayed. At 
this point, it is possible to display the contents of 
memory, the general-purpose and special registers, the 
symbol tables, directories, and other information. All can 
be displayed individually or by split screen with the trace 
display. The windows may be scrolled independently. 
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Prior to the start of emulation, the user can specify the 
internal ROM size (if any), whether an external or inter- 
nal clock will be used for emulation, and whether the 
NMI, READY, and HOLD signals from the target system 
should be enabled or disabled. If the internal clock is 
used, it can be set from 1 to 16 MHz in 1-KHz steps. 


Break Capabilities 


The IE-70330 has eight hardware breakpoints. Seven can 
be set to occur on a real-time event or a non-real-time 
condition. The remaining one is reserved for setting a 
real-time address breakpoint in the GO command. 


Areal-time breakpoint can be set to occur on an address, 
a data value, a CPU state, or an external probe status. A 
non-real-time breakpoint can be set to occur after an 
address/condition setting has been satisfied for a cer- 
tain number of times (maximum 4096). 


Conditions pertaining to the general-purpose registers, 
memory locations, input/output locations, or external 
probes can be defined. For non-real-time breakpoints, 
the user program is executed in real time until it reaches 
the break address. Emulation stops while the conditions 
are checked. If the conditions are not satisfied, emula- 
tion will continue in this manner until they are met. 


To distinguish between an address condition occurring 
at any memory read/write access or the execution of an 
instruction, each breakpoint can be tagged with either a 
nonexecution or execution flag. 


Up to 16 software breakpoints can be set plus an 
additional one in the GO command. To set a software 
breakpoint, the emulator replaces an instruction in the 
user's program with a BRK 0 instruction. A break will 
occur when this instruction is executed, and the user’s 
program will be restored. This capability is not available 
for program code executing out of ROM. 


Trace Capabilities 


The trace buffer is 2047 frames by 108 bits wide and 
sampling is done on every machine cycle. The buffer is 
filled in a round-robin fashion. The emulator traces the 
external address and data buses, the internal ROM 
address and data buses, the CPU and queue status, the 
DMAAK0O/1 pins, and the eight external logic probes. 
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The IE-70330 has eight trace specification points. One of 
these is reserved for setting a trigger point in the GO 
command. The other seven can be specified as trace 
trigger, enable, disable, qualify, or check points. Check 
points are used to display the register, memory, or 
input/output contents each time a certain event or ad- 
dress occurs. The trace buffer can be split into a maxi- 
mum of 128 partitions to allow tracing of particular 
segments of the user program (i.e., subroutines). 


The trace data may be displayed in one of three modes: 
machine, disassembly, or jump. In machine display 
mode, all bus activity is displayed in machine code. In 
disassembly mode, all instructions are disassembled. In 
jump mode, only instructions that alter program flow are 
displayed. 


System Software 


The IE-70330 is controlled by the MIOS/U proprietary 
operating system. Command input is simplified by eight 
function keys (providing a choice of up to 24 softkeys 
within any menu level). The dynamically reprogrammed 
softkeys visually prompt the user with the next valid set 
of commands. The softkeys are at the bottom of the 
display screen and correspond to the eight function keys 
on the keyboard. To select a command, the desired 
softkey is entered, and the softkeys are automatically 
relabeled with the next set of commands. 


Table 1 lists some of the utility programs provided with 
the emulator. 


IE-70330-RTOS System Software 


The optional IE-70330-RTOS system software allows the 
IE-70330 to be used for hardware emulation and soft- 
ware debugging for the uPD79021, a V35 16-bit single- 
chip microcomputer with an on-board real-time operat- 
ing system (RTOS). The RTOS object code is loaded into 
the 16K bytes of internal ROM emulation memory when- 
ever the IE-70330 is powered up or the CAncel command 
is executed. 


In addition, the IE-70330-RTOS system software adds 
the commands in table 2 to the IE-70330. 
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Table 1. 1E-70330 oy. ib chain 

Utility Function . 

EMUV35 IE-70330 emulator software 

KERMIT Communication program for file transfer 
FiILEScMY Fils Management for evetem dicks 

EDITOR Full screen editor 

FORMAT. Floppy-disk formatter 

PROM Built-in EPROM programmer control program 


TERMINAL Terminal utility program for file transfer between 
emulator and another intelligent device 


Symbol table converter; converts non-SROC symbol 
formats to SROC format 


OBJCONV Object file converter; converts object files to and from 
the Motorola SROC format 


Internal battery backed-up clock and calendar setting 


SYMBOL 


TIMESET 
DE FINE 
MDEVICE 


Softkey definition 
Disk format specification. 


IE-70330-RTOS Commands 
Description 
Sets RTOS system time. 


Table 2. 
Command 
Mem/teg SYstime : 


Display TStat Displays system time, task status, number of 
unused memory blocks, segment value of all 
messages queued in the TCB, start address of 
initialization routine, and interrupt return 


address in the TCB for a specified task. 


Display MAilbox Displays status of specified mailbox. 


Display SEmaph Displays number of tasks waiting for specified 
semaphore and remaining number of free 


resources. - 


Displays a list of all tasks currently being 
managed by RTOS and their current state. 


Display TMap 





Connecting to Host Systems 


Host systems may be connected to the IE-70330 through 
RS-232C connectors at the rear of the machine. Param- 
eters such as baud rates, character length, parity, and 
number of stop bits are software programmable to suit 
the system being attached. The KERMIT communica- 
tions program is supplied with the emulator and can be 
used for uploading and downloading files. NEC currently 
provides KERMIT for the VAX® under VMS® and UNIX™ 
4.2BSD or Ultrix®, the IBM PC, PC/XT®, IBM PC AT®, or 
compatibles under PC-DOS® or MS-DOS. 


VAX, VMS, and Uitrix are registered trademarks of Digital Equipment 
Corporation. 

UNIX is a trademark of AT&T Bell Laboratories. 

PC/XT, PC AT, and PC-DOS are registered trademarks of International 
Business Machines Corporation. 
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Files may also be transferred to the emulator via the 
RS-232C ports by using the TERMINAL utility. The em- 
ulator acts as a terminal for data transfer. 


Another means of loading files into the IE-70330 is 
available with the Multiple File Handler utility, a program 
that runs in the enuiaios itself and is supplied as part of 
the IE-70330 package. The Multiple File Handler allows 
the emulator to read MS-DOS disks, among others. 


Symbolic Debug and Line Assembly/ 
Disassembly: 


The 1E-70330 supports complete symbolic debugging of 
programs. produced by NEC’s RA70320 Relocatable As- 
sembler package and various other third-party software 
packages, including those of intel and Microsoft. ‘The 
symbols can be used as address and data constants in 
break, trace, and emulation control commands and are 
displayed during disassembly. A symbolic line assembler 
is also available to make modifications to existing pro- 
grams or to enter code from the keyboard. 


Specifications 


Table 3 gives the electrical, environmental, and physical 
specifications of the equipment. 


Table 3. 1E-70330 Specifications 
Ac power 90 to 182 V, 50/60 Hz, 400 W maximum 
Temperature Operating: +5 to +40°C 


Storage: -20 to +50°C 
Operating: 20 to 80% - 
Storage: 10 to 90% 
Main chassis: 40 pounds 

_ Pod and cables: 4-3/4 pounds 
19.7 x 16.7 x 8.7 inches 


Relative humidity 
(noncondensing) 


Weight 


Dimensions (L x W x H) 


Documentation 


The following manuals are supplied with the in-circuit 
emulator. Additional copies may be obtained from NEC 
Electronics Inc. 


IE-70330 In-Circuit Emulator User’s Manual 
IE-70XXX-A Hardware User’s Manual 
IE-70XXX-A Software Utilities User’s Manual 


IE-70330-RTOS, »PD79021 RTOS System Software 
User’s Manual 


NEC 


NEC. Electronics Inc. 


Description 


The RA70116 Relocatable Assembler package converts 
symbolic source code for the wPD70108 (V20®), 
uPD70116 (V30®), »PD70208 (V40™), and »PD70216 
(V50™) microprocessors into executable absolute ad- 
dress object code. The package consists of four separate 
programs: an assembler (RA701 16), a linker (LK70116), a 
hexadecimal format object code converter (OC 70116), 
and a librarian (LB70116). 


RA70116 translates a symbolic source module into a 
relocatable object module. This symbolic source module 
can contain both V20-V50 microprocessor instructions 
and Intel 8087 Floating-Point Arithmetic Coprocessor 
instructions. The assembler verifies that each instruc- 
tion assembled is valid and produces a listing file and a 
relocatable object module. 


LK70116 combines relocatable object modules and ab- 
solute load modules and converts them into an absolute 
load module. OC 70116 converts an absolute object mod- 
ule or an absolute load module to an expanded hexadec- 
imal (7-bit ASCII) object file. - 


LB 70116 allows commonly used relocatable object mod- 
ules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When the input of the linker contains a library file, the 
linker first extracts only those modules required to re- 
solve external references from the file and relocates and 
links them. 


Features 

O Absolute address object code output 

QO Macro and code macro capability 

Q User-selectable and directable output files 

O Extensive error reporting 

QO Powerful Librarian 

QO Runs under the following operating systems: 


— MS-DOS® 
— VAXNVMS® and VAX/UNIX® 4.2BSD or Ultrix® 
V20 and V30 are registered trademarks of NEC Corporation. 
V40 and V50 are trademarks of NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 
VAX, VMS, and Ultrix are registered trademarks of Digital Equipment 
Corporation. 
UNIX is a trademark of AT&T Bell Laboratories. 
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RA70116 
Relocatable Assembler Package 
for V20-V50 Microprocessors 


Ordering Information 
Part Number 
RA70116-D52 
RA70116-VVT1 
RA70116-VXT1 


Package F 
MS-DOS, 5-1/4” double-density floppy-diskette 
VAX/VMS, 9-track 1600-BPI magnetic tape 


VAX/UNIX 4.2BSD or Ultrix, 9-track 1600 -BP! 
magnetic tape 


SOFTWARE DESCRIPTION 
Program Syntax 


An RA70116 source module consists of a series of code, 
data, or stack segments. Each segment consists of 
statements composed of up to four fields: symbol, mne- 
monic, operand, and comment. 


The symbol field may contain a label whose value is the 
instruction or data address, or a name that represents an 
instruction address, data address, or constant. The mne- 
monic field may contain an instruction or assembler 
directive. The operand field contains the data or expres- 
sion for the specified instruction or directive. Explana- 
tions of statements may be inserted in the comment 
field. 


Character constants are translated into 7-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +, -, *, /, MOD, OR, AND, 
NOT, XOR, EQ, NE, LT, LE, GT, GE, SHR, SHL, LOW, 
HIGH, PTR, SHORT, THIS, SEG, OFFSET, SMSIZE, 
GRSIZE, SMOFFSET, GROFFSET, TYPE, LENGTH, 
SIZE, MASK, WIDTH, (), [ ], period (.), colon (:), < >. 


Macro and Code Macro Capability 


RA70116 allows the definition of macrocode sequences 
with parameters, LOCAL symbols, and special repeated 
code sequences. The macrocode sequence is different 
from a subroutine call. That is, the invocation of a macro 
in the source code results in the direct replacement of a 
macro call with the defined code sequence. 


RA70116 also allows the definition of code macros to 
give the user the capability of defining a new instruction 
(mnemonic). Although an instruction definition could 
also be defined using the ordinary macro facility, code 
macros specify the allowable operand types for the new 
instructions whereas ordinary macros cannot. 
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Assembler Directives 


Assembler directives give instructions to the assembler 
but are not translated into machine code during assem- 
bly. Basic assembler directives include those for storage 
definition and allocation (OB, DW DD, DRS, NWS, DDS. 
STRUC/ENDS, RECORD); symbol control (EQU, LABEL, 
PURGE); and location counter control (ORG, EVEN, 
ALIGN). 


Program control directives include those for segment 
definition and control (GSEGMENT/ENDS, PROC/ENDP, 
ASSUME, GROUP, END); linkage (NAME, PUBLIC, EX- 
TRN); and PARITY. 


The relocation types for SEGMENT/ENDS directives are 
specified in the operand column and include BYTE, 
WORD, PARA, PAGE, and INPAGE. The combination 
types of PUBLIC, COMMON, AT, STACK, and MEMORY, 
which are also specified in the operand column, define 
the means of linking segments and groups of the same 
name. 


Assembler Controls 


Two types of assembler controls are available for the 
RA70116. 


e Basic controls (specified in the assembler command 
line) 
— File specification 
— Output file selection 
— Output file destination 
— Listing format controls 
— Debug information output selection 
— Symbol case selection 
— Macro processing selection 
e General controls (specified in the source program) 
— Inclusion of other source files 
— Page eject 
— Generation/suppression of listing 
— Generation/suppression of macro listings 
— Listing titles 


A list file may contain the complete assembly listing, or 
it may contain only lines with errors and a symbol or 
cross-reference table. The symbol table lists all defined 
symbols in alphabetical order and also shows their 
types, attributes, and the values initially assigned to 
them. The cross-reference table contains all defined 
symbols as well as the numbers of all statements refer- 
ring to them. 


The object file contains the relocatable object module. 
The format of this module is an NEC proprietary relocat- 
able object module format. Figure 1 is a functional 
diagram of the assembler. 
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Linker 


The LK70116 linker combines relocatable object modules 
and absolute load modules and produces one absolute 
load module. See figure 2. The controls for LK70116 may 
be specified in either the command line or in a parameter 
file. In addition to being able to specify the module name 
and the starting address and order for code/data/stack 
segments, you can also protect areas of memory from 
being assigned. Furthermore, you can instruct the pro- 
gram to create a list file containing a link map, a local 
symbol table, or a public symbol table. The absolute load 
module contains symbol information for the symbolic 
debugger and absolute object code. 
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Figure 2. Linker Functional Diagram 
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Hexadecimal Object Code Converter 


The OC 70116 object code converter translates an abso- 
lute load module file into an expanded hexadecimal 
format (7-bit ASCII) file that may be downloaded to a 
PROM programmer. Addresses may be specified as 
being output in the order in which they were input or in 
ascending order. Figure 3 is a functional diagram of the 
hexadecimal object code converter. 
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* Absolute addresses with no external references. 
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Librarian 


The LB70116 librarian creates and maintains files con- 
taining relocatable object modules. The program re- 
duces the number of files that need to be linked together 
by allowing several modules to be kept in a single file. It 
also provides an easy way to link frequently used mod- 
ules into programs. Modules may be added to, deleted 
from, or replaced within a library file. 


Operating Environment 


The RA70116 package can be supplied to run under 
several different operating systems. One version is for an Gi 
MS-DOS system with one or more disk drives and at 

least 512K bytes of system memory. Other versions run 

on a Digital Equipment Corporation VAX computer with 

UNIX 4.2 BSD or Ultrix, or VMS (Version 4.1 or later) 

operating systems. 
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Downloading Files Into the Emulator 


Absolute load modules produced by the RA70116 pack- 
age for the V40 and V50 can be debugged using the NEC 
IE-70208 (V40) or IE-70216 (V50) stand-alone in-circuit 
emulator. Communication between these emulators and 
the host system is through an. RS-232C serial line using 
the KERMIT communication protocol developed at Co- 
lumbia University. With the appropriate version of the 
KERMIT Communication Program running on both the 
emulator and host system, absolute load modules or 
hexadecimal object code files may be transferred be- 
tween machines. 


A version of the KERMIT Communication Program is 
supplied with the IE-70208 and IE-70216. Versions of 
KERMIT run on the IBM PC, PC/XT®, PC AT®, or com- 
patibles under MS-DOS, and the DEC VAX under VMS, 
UNIX 4.2BSD or Ultrix. An appropriate version is pro- 
vided with each relocatable assembler package at no 
extra charge. Versions of KERMIT for other host systems 
are available directly from Columbia University. 


A second means of loading files into the emulator is also 
available in the Multiple File Handler, a utility program 
that runs in the emulator and is supplied with the 
IE-70208 and IE-70216. The Multiple File Handler allows 
the emulator to read MS-DOS formatted disks, among 
others. 


PC/XT, PC AT, and PC-DOS are registered trademarks of International 
‘Business Machines Corporation. 


DOCUMENTATION 


For further information on source program formats, 
assembler operation, and actual program examples, 
refer to the following manuals supplied with the 
RA70116. Additional copies may be obtained from NEC 
Electronics inc. 


e RA70116 V20-V50 Relocatable Assembler Package 
Language Manual 

e@ RA70116 V20-V50 Relocatable Assembler Package 
Operation Manual! (MS-DOS) 

e RA70116 V20-V50 Relocatable Assembler Package 
Operation Manual! (UNIX) 

e RA70116 V20-V50 Relocatable Assembler Package 
Operation Manual (VMS) 


LICENSE AGREEMENT 


RA70116 is sold under terms of a license agreement 
included with purchased copies of the assembler. The 
accompanying card must be completed and returned to 
NEC Electronics Inc. to register the license. Software 
updates are provided to registered users. 


NEC 


NEC Electronics Inc. 


Description 


The RA70136 Relocatable Assembler package converts 
symbolic source code for the »PD70136 (V33™) micro- 
processor into executable absolute address object 
code. The package consists of five separate programs: 
an assembler (RA70136), a linker (LK70136), an extended 
mode locater (EL70136), a hexadecimal format object 
code converter (0C 70136), and a librarian (LB70136). 


RA70136 translates a symbolic source module into a 
relocatable object module. This symbolic source module 
can contain both V33 microprocessor instructions and 
NEC p»PD71291 Advanced Floating-Point Processor 
(AFPP) instructions. The assembler verifies that each 
instruction assembled is valid and produces a listing file 
and a relocatable object module. 


LK70136 combines relocatable object modules and ab- 
solute load modules and converts them into an absolute 
load module. If V83 normal addressing mode is being 
used, OC70136 is used to convert an absolute object 
module or an absolute load module to an expanded 
hexadecimal (7-bit ASCII) object file. If V33 extended 
addressing mode is being used, the EL70136 converts 
load modules produced by LK70136 to an extended load 
module file in extended COFF format. 


LB70136 allows commonly used relocatable object mod- 
ules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When the input of the linker contains a library file, the 
linker first extracts only those modules required to re- 
solve external references from the file and relocates and 
links them. 


Features 


© Absolute address object code output 
— In extended hexadecimal format for normal 
addressing mode 
— In extended COFF format for extended 
addressing mode 


Q Macro and code macro capability 
O User-selectable and directable output files 
© Extensive error reporting 


V33 is a trademark of NEC Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX, VMS, and Ultrix are registered trademarks of Digital Equipment 
Corporation. 

UNIX is a trademark of AT&T. 
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RA70136 
Relocatable Assembler Package 


for V33 Microprocessor 


O Powerful Librarian 


QO Runs under the following operating systems 
— MS-DOS® 
— VAX/VMS® and VAX/UNIX™ 4.2BSD or Ultrix™ 


Ordering Information 


Part Number Description 

RA70136-D52 MS-DOS, 5-1/4” double-density floppy diskette 
RA70136-VVT1 VAX/VMS, 9-track 1600-BPI magnetic tape 
RA70136-VXT1 VAX/UNIX 4.2 BSD or Ultrix, 9-track 1600-BP! 


magnetic tape 


SOF TWARE DESCRIPTION 
Program Syntax - 


An RA70136 source module consists of a series of code, 
data, or stack segments. Each segment consists of 
statements composed of up to four fields: symbol, mne- 
monic, operand, and comment. 


The symbol field may contain a label, whose value is the 
instruction or data address, or a name that represents an 
instruction address, data address, or constant. The mne- 
monic field may contain an instruction or assembler 
directive. The operand field contains the data or expres- 
sion for the specified instruction or directive. Explana- 
tions for statements may be inserted in the comment 
field. 


Character constants are translated into 7-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +, -, *, /, MOD, OR, AND, 
NOT, XOR, EQ, NE, LT, LE, GT, GE, SHR, SHL, LOW 
HIGH, PTR, SHORT, THIS, SEG, OFFSET, SMSIZE, 
GRSIZE, SMOFFSET, GROFFSET, TYPE, LENGTH, 
SIZE, MASK, WIDTH, (), [ ], period (.), colon (:), <>. 


Macro and Code Macro Capability 


RA70136 allows the definition of macrocode sequences 
with parameters, LOCAL symbols, and special repeated 
code sequences. The macrocode sequence is different 
from a subroutine call. That is, the invocation of a macro 
in the source code results in the direct replacement of a 
macro call with the defined code sequence. 


RA70136 also allows the definition of code macros to 
give the user the capability of defining a new instruction 
(mnemonic). Although an instruction definition could 
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also be defined using the ordinary macro facility, code 
macros specify the allowable operand types for the new 
instructions whereas ordinary macros cannot. 


Assembler Directives 


Assembler directives give instructions to the assembler 
but are not translated into machine code during assem- 
bly. Basic assembler directives include those for storage 
definition and allocation (DB, DW, DD, DQ, DS, DL, DBS, 
DWS, DDS, DQS, DSS, DLS, STRUC/ENDS, RECORD); 
symbol control (EQU, LABEL, PURGE); and location 
counter control (ORG, EVEN, ALIGN). 


Program control directives include those for segment 
definition and control (SEGMENT/ENDS, PROC/ENDP, 
ASSUME, GROUP, END); linkage (NAME, PUBLIC, EX- 
TRN); and PARITY. 


The relocation types for SEGMENT/ENDS directives are 
specified in the operand column and include BYTE, 
WORD, PARA, PAGE, and INPAGE. The combination 
types of PUBLIC, COMMON, AT, STACK, and MEMORY, 
which are also specified in the operand column, define 
the means of linking segments and groups of the same 
name. = 


Assembler Controls 


Two types of assembler controls are available for the 
RA70136. 


e Basic controls (specified in the assembler command 
line) 
— File specification 
— Output file selection 
— Output file destination 
— Listing format controls - 
— Debug information output selection 
— Symbol case selection 
— Macroprocessing selection 


e General controls (specified in the source program) 
— Inclusion of other source files: 
— Page eject 
— Generation/suppression of listing 
~ Generation/suppression of macro listings 
— Listing titles 


Alist file may contain the complete assembly listing, or 
it may contain only lines with errors and a symbol or 
cross-reference table. The symbol table lists all defined 
symbols in alphabetical order and also shows their 
types, attributes, and the values initially assigned to 
them. The cross-reference table contains all defined 
symbols as well as the numbers of all statements refer- 
ring to them. 
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The object file contains the relocatable object module. 
The format of this module is an NEC proprietary relocat- 
able object module format. Figure 1 is a functional 
diagram of the assembler. 


‘Fiaure 1. Relocatable Assembler Functional 


Diagram 
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Linker 


The LK70136 linker combines relocatable object mod- 
ules and absolute load modules and produces one ab- 
solute load module. See figure 2. The controls for 
LK70136 may be specified in either the command line or 
in a parameter file. In addition to being able to specify the 
module name and the starting address and order for 
code/data/stack segments, you can also protect areas of 
memory from being assigned. Furthermore, you can 
instruct the program to create a list file containing a link 
map, a local symbol table, or a public symbol table. The 
absolute load module contains symbol information for 
the symbolic debugger and absolute object code. 


Figure 2. Linker Functional Diagram 
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Hexadecimal Object Code Converter 


The OC 70136 object code converter translates an abso- 
luté load module file into an expanded hexadecimal 
format (7-bit ASCII) file that may be downloaded to a 
PROM programmer. This program is used with the V33 in 
normal addressing mode (1M-byte address space). Ad- 
dresses may be specified as being output in the order in 
which they were input or in ascending order. Figure 3 isa 
functional diagram of the hexadecimal object code con- 
verter. 
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Figure 3. Hexadecimal Object Code Converter 
Functional Diagram 
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Extended Mode Locater 


The EL70136 extended mode locater converts multiple 
load modules produced by LK70136 into one extended 


load module file in extended COFF format (figure 4). 


This program is used with the V33 in extended address 
mode (16M-byte address space). Starting addresses for 
each load module are specified in the Locate Information 
file. The name of this file along with the name of the 
extended load module file and any locater options are 
included in the command line when EL70136 is invoked. 
EL70136 can be instructed to create a locate map file 
and to include debugging information in the extended 
load module file. To support debugging with the IE- 
70136, EL70136 also sets initial values for the IE-70136 
PGR tables in the extended load module file. 


To simplify the task of using the extended addressing 
mode of the V33, NEC Electronics provides three sub- 


‘routines with the RA70136 package. 


(1) V33_MAP. Maps the »PD70136 Page Registers 
(PGRs) 


(2) V33_BRK. Branches from the normal address mode 
to the interrupt routine starting address in the ex- 
tended address mode. 


(8) V83_RET. Branches from the extended address 
mode to the interrupt routine starting address in the 
normal address mode. 
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Figure 4. Extended Locater Functional Diagram 
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Librarian 


The LB70136 librarian creates and maintains files con- 
taining relocatable object modules. The program re- 
duces the number of files that need to-be linked together 
by allowing several modules to be kept in a single file. It 
also provides an easy. way to link frequently used mod- 
ules into programs. Modules. may be added to, deleted 
from, or replaced: within a erat file. 


Operating Environment 


The RA70136 package can be supplied to run under 
many different operating systems. One version is for an 
MS-DOS system with one or more disk drives and at 
least 512K bytes of system memory. Other versions run 
ona DEC VAX computer with UNIX 4.2BSD or Ultrix, or 
VMS (Version 4.1 or later) operating systems. 


Downloading Files Into the Emulator 


Absolute load modules and extended load modules 
produced by the RA70136 package for the V33 can be 
debugged by using the NEC IE-70136 stand-alone in- 
circuit emulator Communication between the IE-70136 
and the host system is through an RS-232C serial line 
‘using the KERMIT communication protocol developed at 
Columbia University. With the appropriate version of the 
KERMIT Communication Program running on both the 
‘emulator and host system, absolute load modules, ex- 
tended load modules, or hexadecimal object code files 
may be transferred between machines. 


A version of the KERMIT Communication Program is 
supplied with the IE-70136.. Versions of KERMIT run on 
the IBM PC, PC/XT®, PC AT®, or compatibles under 
MS-DOS, and the DEC VAX under VMS, UNIX 4.2BSD or 
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Ultrix. An appropriate version:is provided with each 
relocatable assembler package at no extra charge. Ver- 
sions of KERMIT for other host systems are available 


‘directly from Columbia University. 


A second means of loading files into the emulator is also 
@vaiiabis if the Multiple File Handler, a utility program 
that runs in the emulator and is supplied with the 
IE-70136. The Multiple File Handler allows the emulator 
to read MS-DOS formatted disks, among others. 


DOCUMENTATION 


For further information on source program formats, 
assembler operation, and actual program examples, 
refer to the following manuals supplied with the 
RA70136. Additional copies may be obtained from NEC 
Electronics Inc. 


RA70136 V33 Relocatable Assembler Package Lan- 
guage Manual 


RA70136 V33 Relocatable Assembler Package Opera- 
tion Manual. 


LICENSE AGREEMENT 


RA70136 is sold under terms of a license agreement 
included with: purchased copies of the assembler. The 
accompanying card must be completed and returned to 
NEC-Electronics Inc. to register the license. Software 
ues are proviced 2 registered users. 


PC/XT and PC AT are registered trademarks of International Business 
Machines Corporation. eo 


NEC 


NEC Electronics Inc. 


Description 


The RA70320 Relocatable Assembler package converts 
symbolic source code for the V25™/V35™ family of 
microprocessors into executable absolute address ob- 
ject code. The package consists of four programs: 
RA70320 assembler, LK70320 linker, OC 70320 hexadec- 
imal object code converter, and LB70320 librarian. 


The RA70320 assembler translates a symbolic source 
module into a relocatable object module. The LK70320 
linker combines relocatable object modules and abso- 
lute load modules and converts them into one absolute 
load module. The OC 70320 converts an absolute object 
module or absolute load module to an expanded hexa- 
decimal (7-bit ASCII) object file. 

The LB70320 librarian allows commonly used relocat- 
able object modules to be stored in one file and linked 
into multiple programs, greatly increasing programming 
efficiency. When the input of the linker contains a library 
file, the linker first extracts only those modules required 
to resolve external references from the file and then 
relocates and links these modules. 


Features 


Absolute address object code output 
Macro and code macro capability 
User-selectable and directable output files 
Extensive error reporting 

Powerful librarian 


Multisystem compatibility 
—MS-DOS® 

— VAX®/VMS® 

— VAX/UNIX™ 4.2BSD or Ultrix® 


oO Oo8 0 O 0 80 


V25 and V35 are trademarks of NEC Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 
VAX, VMS, and Ultrix are registered trademarks of Digital 
Equipment Corp. 

UNIX is a trademark of AT&T. 
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RA70320 
Relocatable Assembler Package 
for V25/V35 Microcomputers 


Ordering Information 


Part Number Description 
RA70320-D52_ = MS-DOS; 5-1/4” double-density floppy diskette 
vvT1 VAX/VMS; 9-track 1600 BPI magnetic tape 
VXT1 VAX/UNIX 4.2BSD or Ultrix; 9-track 1600 BPI 
magnetic tape 
Assembler 


The RA70320 assembler program translates a symbolic 
source module into a relocatable object module by first 
verifying that each instruction assembled is valid for the 
target microprocessor and then producing a list file and 
a relocatable object module (figure 1). 


Relocatable Assembler Functional 
Diagram 


Figure 1. 
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Program Syntax 


An RA70320 source module consists of a series of code, 
data, or stack segments. Each segment contains lines 
composed of up to four fields: symbol, mnemonic, Oper- 
and, and comment. 


The symbol field may “contain either a label—whose 
value is an instruction or data address—or a name that 
represents an instruction address, data address, or con- 
stant. The mnemonic field may contain an instruction or 
assembler directive. The operand field contains the data 
or expression for the specified instruction or directive. 
Explanations for the Statements may be inserted into the 
comment field. 


Character constants are translated iit 7-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +, -, *, /, MOD, OR, AND, 
NOT, XOR, EQ, NE, LT, LE, GT, GE, SHR, SHL, LOW, 
HIGH, PTR, SHORT, THIS, SEG, OFFSET, SMSIZE, 
GRSIZE, SMOFFSET, GROFFSET, TYPE, LENGTH, 
SIZE, MASK, WIDTH, (), [], period (.), colon (:), and 
<>. 


Macro and Code Macro Capability 


RA70320 allows the definition of macro code sequences 
with parameters, LOCAL symbols, and special repeated 
code sequences. The macro code sequence is different 
from a subroutine call in that the invocation of a macro in 
the source code results in the direct replacement of a 
macro call with the defined code sequence. 


RA70320 also allows the definition of code macros to 
give the user the capability of defining a new instruction 
(mnemonic). Although an instruction definition could 
‘also be defined using the ordinary macro facility, code 
macros specify the allowable operand types for the new 
instructions whereas ordinary macros cannot. 


Directives 


Assembler directives give instructions to the program 
but are not translated into machine code during assem- 
bly. Basic directives include those for storage definition 
and allocation (DB, DW, DD, DQ, DT, DBS, DWS, DDS, 
DQS, DTS, STRUC/ENDS, RECORD); symbol control 
(EQU, LABEL, PURGE); and program counter control 
(ORG, EVEN, ALIGN). Program control directives in- 
clude those for segment definition and control 
(SEGMENT/ENDS, PROC/ENDP, ASSUME, GROUP, 
END); special function registers and internal RAM 
(SETIDB, ASGNSFR); linkage (NAME, PUBLIC, EXTRN); 
and PARITY. 
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The relocation types for SEGMENT/ENDS directives are 


- specified in the operand column and include BYTE, 


WORD, PARA, PAGE, and INPAGE. The combination 
types of PUBLIC, COMMON, AT, STACK, and MEMORY, 
which are also specified in the operand column, define 
the means of linkina seaments and groups of the same 
name. 


Controls 


There are two types of assembler controls for the 
RA70320: 


® Basic (specified i in the assembler command line), 
-— File specification 
— Output file selection 
— Output file destination 
— Listing format controls 
— Debug information output selection 
— Symbol case selection 
— Macro processing selection 
© General (specified in the source program) 
— Inclusion of other source files 
— Page eject 
— Generation/suppression of listing 
— Listing titles 


Alist file may contain the complete assembly listing or it 
may contain only lines with errors and a symbol or 
cross-reference table. The symbol table lists all defined 
symbols in alphabetical order and also shows their 
types, attributes, and the values. initially assigned to 
them. The cross-reference table contains all defined 
symbols, as well as the numbers of all statements refer- 
ring to them. 


The object file contains the relocatable object module. 
The format of this module conforms to NEC’s proprietary 
relocatable object module format. 


Linker 


The LK70320 linker combines relocatable object mod- 
ules and absolute load modules and produces one ab- 
solute load module (figure 2). The controls for the linker 
may be specified in either the command fine or in a 
parameter file. In addition to being able to specify the 
date, the module name, the starting address and the 
order for code/data/stack segments, it is also possible to 
protect areas of memory from being assigned. Further- 
more, it is possible to instruct the program to create a 
list file containing a link map, a local symbol table, or a 
public symbol table. The absolute load module contains 
symbol information for the symbolic debugger and the 
absolute object code. 


NEC 


Hexadecimal Object Code Converter 


The OC 70320 object code converter (figure 3) translates 
an absolute load module file into an expanded hexadec- 
imal (7-bit ASCII) file that may be downloaded to a PROM 
programmer. Addresses may be specified as being out- 
put in the order in which they were input or in ascending 
order. 


Librarian 


The LB70320 librarian creates and maintains files con- 
taining relocatable object modules. The program re- 
duces the number of files that need to be linked together 
by allowing several modules to be kept in a single file, 
and also provides an easy way to link frequently used 
modules into programs. Modules may be added, deleted, 
or replaced within a library file. 


Operating Environment 


The RA70320 package has been designed to run under a 
variety of operating systems. One version is available to 
run on an MS-DOS system with one or more disk drives 
and at least 512K of system memory. Other versions are 
available to run on a Digital Equipment Corporation VAX 
computer under the UNIX 4.2BSD, Ultrix, and the VMS 
(Version 4.1 or later) operating systems. 


Downloading Files into the Emulator 


Absolute load modules produced by the RA70320 Relo- 
catable Assembler package can be debugged by using 
the NEC IE-70320 (V25) or IE-70330 (V35) stand-alone 
in-circuit emulator. Communication between these emu- 
lators and the host system is handled through an RS- 
232C serial line that uses the KERMIT communications 
protocol developed at Columbia University. With the 
appropriate version of KERMIT running on both the 
emulator and host system, absolute load modules or 
hexadecimal object code files may be transferred be- 
tween machines. 


A version of the KERMIT Communication Program is 
supplied with each NEC emulator. NEC supplies versions 
of KERMIT to run on the IBM PC, PC/XT™, PC AT™, or 
compatibles under MS-DOS operating systems, and the 
Digital Equipment VAX under VMS, UNIX 4.2BSD, or 
Ultrix. An appropriate version is provided with each 
relocatable assembler package at no extra charge. Ver- 
sions of KERMIT for other host systems are available 
directly from Columbia University 


Asecond means of loading files into the emulator is also 
available in the Multiple File Handler, a utility program 
that runs in the emulator and is supplied as part of the 
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IE-70320 and IE-70330 packages. The Multiple File Han- 
dler allows the emulator to read MS-DOS formatted 
disks, among others. 


Figure 2. Linker Functional Diagram 
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Figure 3. Hexadecimal Object Code 
Converter Functional Diagram 
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PC/XT and PC AT are trademarks of International Business Machines 
Corp. 
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Documentation 


For further information on source program formats, 
assembler operation, and actual program examples, 
refer to the following manuals supplied with the 
RA70320. Additional copies may be obtained from NEC 
Electronics Inc. 


e RA70320 V25/V35 Relocatable Assembler Package 
Language Manual 

e RA70320 V25/V35 Relocatable Assembler Package 
Operation Manual. 


License Agreement 


RA70320 is sold under terms of a license agreement 
included with purchased copies of the assembler. The 
accompanying card must be completed and returned to 
NEC Electronics Inc. to register the license. Software 
updates are provided to registered users. 


NEC 


NEC 


NEC Electronics Inc. 


Description © 


The V25 MINI-IE Plus and V35 MINI-IE Plus are low-cost 
In-Circuit Emulators for the »PD70320 (V25™) and 
»PD70330 (V35™) microcomputers from NEC Electron- 
ics. Low cost is achieved by using an IBM PC/XT®, PC 
AT®, IBM PS/2™, or compatible machine. The control 
software for the MINI-IE Plus is AdVICE (Advance V- 
Series In-Circuit Emulator), which acts as both a monitor 
and debugger Debugging with breakpoint and non- 
real-time tracing of executing programs are accom- 
plished in software using a V25/V35 microcomputer 
located on the MINI-IE Plus board. An optional real-time 
trace (RTT) board is available for those who need this 
additional tool. 


Features 


QO Emulates p.PD70320/70330 at up to 8 MHz. 
O .Jumper selectable internal or external (target) clock. 


O Parallel interface with host PC; interface card and 
cable included 


Q Connects to target system via flexible PLCC socket 
adapter 
— Emulation memory may be mapped to MINI-IE 
Plus or target system _. 
— Supports two 64K-byte mappable user emulation 
RAM areas 


QO Software break and trace capabilities 

— Up to eight conditional breakpoints plus one in 
command line 

— Additional breakpoints can be given in the 
command line 

— Various actions can be programmed to take place 
on a break 

— Error checking of break entry conditions 


O Optional real-time trace (RTT) board 
— 8K frames by 48-bit trace buffer 
— Two hardware breakpoints with don’t care 
features 
— Eight external data inputs 
— Hardware trigger output 
— Qualifier controlled recording 
— 32-bit timer with 250-ns resolution 


IBM PC/XT, IBM PC AT, and IBM PS/2 are registered trademarks of 
International Business Machines Corporation. 
V25 and V35 are trademarks of NEC Corporation. 
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V25/V35 MINI-IE Plus 
in-Circuit Emulator 


GO Executes NEC .LNK absolute files and Microsoft. 
COM and .EXE files 
— Files can be downloaded to and uploaded from 
the MINI-IE Plus 
— Supports real-time and single-step emulation 
— User programmable public symbol buffer size 


© Controlled by powerful AdVICE monitor and 

debugging program 

— Symbolic full screen debugger - 

— Displays six window areas with second- level 
break setup window 

— Updates display information as program single- 
steps 

— On-line assembler 

— Programmable trace and symbol buffer sizes 

— On-line help menus . 

— Keyboard macros speed up repetitive operations 

— User definable commands 

— Resident operation with hot key activation 

— Message exchange capabilities between PC and 
emulator 


“0 Sample batch file contains demonstration program 


Ordering Information 
Part Number 

EB-V25MINI-IE-P 
EB-V35MIN-IE-P 


Description 
#.PD70320 MINI-IE Plus package 
u#PD70330 MINI-IE Plus package 
V25/V35 MINI-IE Plus real-time trace option 


~ HARDWARE 


The V25/V35 MINI-IE Plus package consists of five com- 
ponents. 


V25/V35 MINI-IE Plus box with target adapter 
Modified printer adapter card 

Interface cable 

Dc power plug 

AdVICE software and user's manual 


The MINI-IE Plus contains two 64K-byte blocks of static 
RAM that is allocated by software to any 64K-byte 
boundary within the 1M-byte address range of the V25/ 
35. ROM simulation is performed by write protecting this 
memory. An additional 64K bytes of RAM and a 128-byte 
/O block are used by the internal monitor and can be 
relocated by command to avoid conflicts with external 
addressing needs. 


V25/V35 MINI-IE Plus 


Typical memory mapping allocates one block at the 
beginning of the address space (00000H) and the other 
at address OFOOOOH. This may represent the final hard- 
ware configuration. The upper block would contain pro- 
gram code and be write protected. Any writes to this 
area wouid siop ine program execution and allow the 
user to analyze the program. This feature allows debug 
when the program tries to write to ROM. Execution of the 
reset procedure is done by activating the target’s RESET 
pin. Emulator hardware/software will not be reset by this 
action. 





An optional real-time trace (RTT) board can be plugged 
on top of the emulator card to provide a 48-bit by 8K 
deep trace buffer. Eight external logic pins can be 
monitored along with the V25/V35 bus signals. 


Command control of the EA pin of the V25/V35 allows. 
use of ROM-based devices. After initialization, EA is 
forced low to access external memory, but can be forced 
high by command or may be controlled by the target 
hardware. 


Figure 1. MINI-IE Plus Front Panel 


Connector for 
External Probes 


Connector for 


Target PLCC Adapter 
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The NMI signal is normally used by the MINI-IE Plus to 
stop program execution using interrupt vector 02. Use of 
the target NMI signal in an application is possible by 
assigning an unused interrupt vector in place of the 
normal vector. Any high-to-low transitions of the target 
NMI signa! will cause the emulator ta execute this new 
vector. 


The interface card is a modified printer adapter card that 
allows fast bidirectional communications between the 
host PC and the MINI-IE Plus. This card is not needed 
with an IBM PS/2. The interface cable connects the 
MINI-IE Plus to the interface card on PC/XT/AT or com- 
patible or to the printer port of anIBM PS/2. Power for the 
MINI-IE Plus is supplied via the interface card. With 
PS/2, the dc power plug and a user-supplied external 
+5-volt power supply power the MINI-IE Plus. 


The flexible target adapter allows direct connection to a 
PLCC socket of the target hardware. The cable is approx- 
imately 16 cm Jong and protrudes from the front of the 
MINI-IE Plus box. See figure 1. 


VAs 


Clock 


{ sod ] 


Clock Selection 


83-6759A 
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SOF TWARE 


The control software (AV35N.EXE or AVRTT35N .EXE) 
uses the PC screen to display program and memory 
data. All information is updated after every command, 
and it keeps the user informed of the current state of the 
emulation. The screen is divided into seven areas. These 
areas display the current contents of the registers and 
bottom of stack, the command line, two memory dump 
areas with an additional ASCII dump display, the disas- 
sembler, and function key assignments. See figure 2. 


Help and other setup screens, such as breakpoint 
menus, overlay some of the windows described above. 
Executing a new command will restore the display to the 
original screen. Figure 3 shows the AdVICE screen with 
a help window and the command line prompts. 


AAVICE controls all the monitor and debug functions of 
the V25/V35 MINI-IE Plus including upload and download 
of programs, breaking, tracing, program execution, dis- 
assembly, line assembly, and register/memory display 
and manipulation. The cursor can be moved anywhere 
within the window displays for immediate change of the 
memory areas, registers, flags, and breakpoints. 


Figure 2. AdVICE Main Screen 


F800 
F700 
0000 
0040 


AW F700 PC OOOF 
BW 0000 
CW 3BA8 


DW 0000 


HS 0040 


RESET: 

0000. B8FFFF 

0003 8ED8 

0005 C6&060FO00F7 
OOOA B800F7 

000D 8ED8 

OOOF C606020FFF 
0014 C606E1L0FB2 

C706E80F5555 


AW, FFFFE 
DS,AW 
[OOOF] ,F7 
AW,F700 
DS,AW 
PMCO,FF 
RFM,B2 
WTC,5555 


2ProcStep 3Retrieve 4Help ON: 


Emulation 


User programs loaded into emulator RAM can be exe- 
cuted in real-time or in single-step mode. Single-step 
mode executes only one instruction, and procedure step 
executes an entire subroutine or software interrupt rou- 
tine. Real-time execution is command activated and 
terminates when a breakpoint is encountered or the user 
terminates execution from the keyboard. Program exe- 
cution is also stopped when an exception interrupt or an 
interrupt with an unitialized vector occurs. 


Message exchange between the PC and:an executing 
application program is provided. See figure 4. An inter- 
rupt function similar to the DOS INT21 allows commu- 
nication to the application program without a keyboard 
or display attached to the target system. 


Stack +0 
+2 
+4 


FS 0040 Resident 


f.Blb/ed 
GMmv~*KS 
2 ? 2 


..VEy= 
-O27 tokuy 


“D$ad fg? 
9 le 10 ri 
83-6760A 


@.O=.3 


Menu 6 DOS up 8 dn 
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Figure 3. AdVICE Screen With Help Menu and Command Line Prompts 





AW F700 IX 0000 . PS F800 PC OOOF Stack +0 FFFF PSW FOO2. 
BW 0000 IY 0000 DS F700 . me +2 423E RB7 

“ CW '3BA8 BP 0000° ES 00006 HS 0040 "44.2303 - V DIR IE § 
DW N0N0' + SP-OOFE Ss 0040 FS 0040 Resident +6-A352 0.0 0 OO: 


, ——D or, DEF or. DIR 
[CMD xD. ane 


‘OOE7: 8BDF MoV “ BW,IY 

O0OE9 2EFF15 ~ CALL PS: [IY] - 

OOEC EBC6. BR V40_CLI 
VECTOR_TABLE: 

OOEE 56 -  . PUSH IX r - 

OOEF 029802F0 ADD. BL, [FOO2+BW+1X] 

OOF3 0450 ADD AL, 50 

“OOF5S 03840328 ’ ADD “IX, [2803+IX] 

OOF9 024805 ‘ ADD CL, (BW+1IX+05] 


D {/M ON | OFF} addr 
Display - code at the specified address. With '‘D *‘'- or ‘Ctrl-Enter' the 
address of the current instruction will be used. If a memory location is 
accessed by the actual instruction its value is shown on the Screen. Use 
to optional /M parameter to control the display of this memory data: 
Standard segment PS: : : 
With PgUp/PgDn text can be paged - 
1 Step 2ProcStep 3Retrieve 4Help OFF 5BRK Menu 6 DOS. 8 dn 9 le 10 ri 
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Figure 4. Executing Program with Message Exchange 


AW F700 Pc 0000 Stack PSW FOO2 
BW 0000 , RB 7 
CW O00B2 ~ : : HS 0060 a V DIR IE S$ 
DW 0000 FS 0040 Resident 0 0 0 90 


0 1 2 =3 
. FF FF FF FF FF FF FF FF 
> *AKe EX EC UT ING #x* : FF FF FF FE FF FF FF FF 


“Emulator Messages : <« from emulator ) emulator 
<The V35/25 timer was started ! 
«Wait for the break condition to become true 
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Break Capabilities 


The breakpoint entry menu is a second-level menu and 
can be entered by F5 key of the PC keyboard. The menu 
contains six fields: breakpoint number, breakpoint con- 
ditions, a count, number of occurrences, and action to 
be taken. 


Up to eight address breakpoints can be defined in the 
menu. They can be tagged with conditions and a count 
value (maximum of 65,535) for the number of times the 
breakpoint is satisfied. Up to eight conditions may be 
entered for each breakpoint, including satisfying other 
breakpoints and comparisons of register and memory 
contents (direct or indirect addressing modes) with 
those of other registers, memory locations, and immedi- 
ate values. See figure 5. 


The action field defines an operation or operations to be 
done when a breakpoint occurs. Such actions are trace 
on/off, analyze on/off, restart the breakpoint, browse 
through a file, turn on/off the snap feature, and jump toa 
different section of code. 


To set up the analyze mode, an address field in the 
breakpoint menu is left empty but conditions are placed 
in the condition field. Then, on enabling the analyze 
mode, the program is run in single-step mode while the 
conditions are checked. In the snap mode, the instruc- 
tion and the register values are put in the trace buffer 
when conditions for a breakpoint are met. 


Actions to be performed are taken when the occurrence 
counter is equal to a specified count. This occurrence 
counter is incremented only when all specified. condi- 
tions are true. When emulation is to resume after a 
breakpoint, an option can be used in the GO command 
that will not reset the occur field and the trace mode. 


Trace Capabilities 


The MINI-IE Plus traces program execution in single- 
step mode. This software method allows the AdVICE 
monitor program to record the current register contents 
and the top four words of the stack. In order to start 
filling the trace buffer, the trace on action must be given 
at an address breakpoint. The buffer, which can be 
displayed from the main screen or from the menu screen, 
is filled in a round-robin fashion. See figure 6 


V25/V35 MINI-IE Plus 


The trace buffer is located in the MINI-IE monitor RAM. 
The default size of 37K bytes allows for 1000 records to 
be stored. A trace record consists of the V25/V35 in- 
struction and associated register and stack contents. 
The buffer can be varied in size from 1k to 38k by means 
of a startup invocation switch. 


The real-time trace option is available when requirements 
do not allow the single step of the user program for 
software tracing. The RTT will record the data on the bus 
in real time and the RTT software allows the user to view 
the data in disassembled format when the execution is 
stopped. See figure 7. 


The RTT buffer is 8191 frames by 48 bits. A qualifier can 
be specified to restrict recording to specific conditions. 
Two hardware breakpoints—made from address, data, 
bus cycle type, and external logic inputs—allow multiple 
actions to be executed (such as PTrace on/off, break, . 
timer on/off). 


CONNECTION TO IBM PC 


The V25/V35 MINI-IE Plus can be used with IBM PC/ 
XT/AT or full compatibles, and on IBM PS/2. A mono- 
chrome, CGA, Hercules® color graphics, or EGA adapter 
and corresponding monitor is required. With IBM PC/ 
XT/AT, at least one expansion slot must be available for 
use with the parallel interface adapter included with the 
MINI-IE Plus. 


At least one printer port address should also be avail- 
able. BM PS/2 models will use the system printer port 
and will require a user-provided +5-volt dc power supply 
to power the MINI-IE Plus. A minimum of 88K bytes of 
free memory is needed to run AdVICE. A hard disk is not 
required but is recommended. 


The parallel board of the MINI-IE Plus is hardwired for 
address 0278H of the PC I/O space. A provision on the 
parallel board allows you to change the I/O address to a 
different value, and a command line switch tells AdVICE 
where the parallel board is located. 


With the MINI-IE Plus board connected to the parallel 
board via the 25-line cable, running the AdVICE program 
will initiate communications with the MINI-IE Plus and/or 
the target system. 
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Figure 5. Example of Breakpoint Entry Menu With Help 





Can be used to define.a condition that must be true when the breakpoint 
is hit. Up to 8 conditions can be specified for each breakpoint. If all 
conditions are true the ‘'Occur'-counter is incremented until it is equal 
iv ‘Count’ and the 'Acticn' is performed. 

Example: BR3 AW>=123 .DS:[{IX]= /W ES:32B4 

For more details refer to the user's manual. 


Break_ADR Condition , Count Occur ‘Action 
MAINZ OY 9 Sprig oe lee Sth aus wiarel 6S, ce Slee ado Vie Be bee trace ON ; 
MATNG0° 0 ete -a eos aude aioe eit je eins 2 aa eyes Beale els eerd/en eteie TR. OFF A ON 


SWTIM >= 0100 ...... eee eee eee “5 br 


Ce a a 


lex) 
wm 
7 


ee a 
Ce rd 


Ce 


OCOO0OOr rr 


1 
2 
3 
4 
5 
6 

7 

8 


Type Dir Dat DaM P2 P2M Action 

M R Q 00 0 oOo RT ON TI. ON 
M R 0 00 0 OO. 

X Xx. RTT Mode: C 


1View Trace 3Read Setup 4 Help OFF 5 .CMD line 7Save Setup 9Clear BR10Clear- OCC 
83-6763A 


Figure 6. Soft Trace Buffer Display 


TRACE BUFFER DIS PLAY 
Buffer Offset : 0 
x*xk Begin of TRACE buffer ‘** 

MAIN20: AW=FFOO IX=0004 PpS=0065 § Stack+0 
0027. CALL INIT_TIMER BW=0000 IY=0074 DS=0060 +2 
>Started by BR1 V DIR IE S CW=00B2° BP=0000 ES=FFOO +4 

0 0 0 QO DW=1388 SP=O01FE SS=0040 +6 

INIT_TIMER: AW=FFOO IX=0004 PS=0065 Stack+0 

OO03E MOV ES:TMCO,CO BW=0000 ZyY=0074 DS=0060 +2 
V DIR IE CW=00B2 BP=0000 ES=FFOO | +4 

0.0 O DW=1388 SP=O1FC SS=0040 +6 

0044 MOV ES:MDO,0140 AW=FFOO IX=0004 PS=0065 Stack+0 
; BW=0000 1Y=0074 DS=0060 +2 

V DIR IE . CW=00B2° BP=0000 ES=FFOO +4 

0 oO QO DW=1388 SP=O01FC SS=0040 +6 

004B MOV ES: TMICO,07 : AW=FFOO JIxX=0004 PS=0065 Stack+0 
BW=0000 LY=0074 DS=0060 +2 

CW=00B2 BP=0000 ES=FFOO +4 

; ; : DW=1388 SP=O1FC S$S=0040 - +6 
0051 RET Sa ia AW=FFOO IX=0004 PS=0065 Stack+0O- 
: BW=0000: IY=0074 DS=0060 - +2 


v4 . CW=00B2 BP=0000 ES=FFOO +4 
1 DW=1388 SP=O01FC $s=0040 +6 


Use cursor keys to scroll data up and down Fl or '-I' to return 


83-6764A 
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Figure 7. Real-Time Trace Buffer Display 





Real-Time Trace Data 
Addr Ctl Data External P2 Record : 1 of 2271 
OOB02 MR FA FF=#11111111 FF 
DI 
B8 FF=11111111 FF MOV AW,0321 
21 FF=11111111 FF vdgroup@: 


00B03 R 
R 
R 03. FF=11111111 FF 
R 
R 


00B04 
OOBO0S5 
00B06 
00B07 
00B08 
00BO09 
OOBOA 
OOBOB 
O0OBOC 


M 
M 
M 
M BB FF=11111111 FF BB2103 MOV BW,0321 
M 
M 
M 
M 
M 
M 
OOBOD M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
1 


21 FF=11111111 FF 
03 FF=11111111 FF 
B9 FF=11111111 FF B9BO03 CW,03B0 
BO FF=11111111 FF 
03 FF=11111111 FF 
B9 FF=11111111 FF B91202 MOV CW,0212 
12 FF=11111111 
FF=11111111 


R 
R 
R 
R 
R 
R 
OOBOE R 
R FF=11111111 FC CLR1 DIR 
R 
R 
R 
R 
R 
R 
R 
2 


OOBOF 
00B10 
00B11 
00B12 
00OB13 
00B14 
Q0OB15 
OOB16 
1Show MK 


FF=11111111 8EDB MOV DS,BW 
FF=11111111 

FF=11111111 BAFFFF MOV DW, FFFF 
FF=11111111 

FF=11111111 

FF=11111111 8EC2 MOV ES,DW 


FF=11111111 
Show MK2 3Set MK1 4Set MK2 Ctl-PgDn/Up:+/~- 100 Ctl-End/Home:+/-1000 
63-6765A 











V25/V35 MINI-IE Plus 


NEC 


NEC Electronics Inc. 


Description 


The V40 MINI-IE and V50 MINI-IE are low-cost in-circuit 
emulators for the »PD70208 (V40™) and »PD70216 
(V50™) microcomputers. The MINI-IE is designed to be 
used with an IBM PC/XT®, PC AT®, IBM PS/2®, or 
compatible machine. The control software for the MINI- 
IE is AFD-Sym (Advanced Full-Screen Debug with Sym- 
bols), which acts as both a monitor and debugger. 
Debugging with breakpoints and non-real-time tracing of 
executing programs are accomplished in software using 
a V40/V50 microprocessor located on the MINI-IE board. 


Features 


O Emulates .PD70208/70216 at 8 MHz 


O Parallel interface with host PC; interface card and 
cable included 


QO Connects to target system via PGA or PLCC probe 


QO MINI-IE hardware 

— 64K bytes of static RAM starting at address 
0000:0 

— MINI-IE reserved PROM at address F800:0 
through FFFF:F 

— MINI-IE memory may be disabled to use eiger 
memories 

— 32 bytes of MINI-IE I/O starting at address 8000:0 

— Suppresses MREQ, MSTB, and IOSTB when 
accessing MINI-IE components 


© Software break and trace capabilities 
- — Up to eight conditional breakpoints in break 
definition mode 
—~ Additional breakpoints can be given in the 
command line 
— Various actions can be programmed to take place 
on a break 
— Error checking of break entry conditions 


© Executes NEC..LNK absolute files and Microsoft 
.COM and .EXE files 
— Files can be downloaded to and uploaded from 
the MINI-IE 
— Supports real-time and single-step emulation 
— User-programmable public symbol buffer size 


IBM PC/XT, IBM PC AT, and IBM PS/2 are registered trademarks of 
International Business Machines Corporation. 

Hercules is a registered trademark of Hercules Computer 
Technology Inc. 

V40 and V50 are trademarks of NEC Corporation. 
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V40/V50 MINI-IE 
In-Circuit Emulator 


0 Controlled by powerful AFD- “Sym monitor and 
debugging program 
— Symbolic full-screen debugger 
— Uses function keys as well as direct command 
entry 
— Displays six window areas with second-level 
break setup window 
— Updates display information as program single 
steps 
~ On-line assembler 
' — Evaluates and displays arithmetic expressions 
— Displays color on color systems 
— Programmable trace and symbol buffer sizes 
— On-line help menus 
— Macro command capability 


O Sample batch file contains demonstration program | 


_ Ordering Information 


Part Number Description 

EB-V40MINI-IE p#PD70208 (V40) PC-based MINI-IE with 
adapter 

EB-V50MINI-IE #PD70216 (V50) PC-based MINI-IE with 

er _ adapter 

ADAPT68PGA68PLCC = Adapter for 68-pin PLCC socket 
(shipped with MINI-IE) 

HARDWARE 


The MINI-IE (figure 1) consists of a parallel interface 
board providing bidirectional data communication and a 
»PD70208 or wPD70216 emulation board (or MINI-IE 
board). The parallel board fits into a free slot in the PC 
and is hardwired for address 0278H within the PC 1/O 
space. 


The MINI-IE board consists of a »PD70208 or nPD70216, 
32K bytes of EPROM, 64K bytes of static RAM, decoding 
logic, and a parallel interface. It can receive power from 
the PC, the target system, or an external supply. The 
MINI-IE board connects to the parallel board in the PC 
by a 25-line cable. 


The MINI-IE can be connected directly into a 68-pin PGA 
socket on the target system or into a 68-pin PLCC socket 


-on the target system through adapter ADAPT68PGA68- 


PLCC. In this configuration, the MINI-IE RAM and 
EPROM can be disabled via jumpers so that target 
memory is accessed, or a combination of MINI-IE and 
target memories can be used. 


V40/V50 MINI-IE | NE C 


Figure 1. V40/V50 MINI-IE Board (Component Side) 
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Figure 2. AFD-Sym Main Screen 


AW 6207 IX PS 0221 PC 0000 Stack +0 FFFF... PSW FOO2 
BW: 0000 ly DS 0220 +2 340C 
CW C089 BP ES 0000 HS 0220 +4 0012 V DIR IE | 
DW FFFD SP SS 0200 FS O1BB +6 0000 0 0 0 
or Gc a 
CMD >G 1 
DS:0000 0c 34 12 
2 > **k EX ECU KKK Analyze DS:0008 00° 00 00 
MAIN: DS:0010 B8 20 02 
0000 B82002 AW,0220 DS:0018 CO 8E CO 
. 0003 8ED3. MOV DS,AW DS:0020 B8 65 00 
0605 90 NOP DS$:0028 08 00 33 
. 0006 FA - DI DS:0030 FC CC BA 
0007 33c0 ‘ XOR AW, AW . | DS:0038 BA FA FF 
0009 8ECO MOV ES,AW DS:0040 FF BO 50 
O000B 90 NOP DS:0048 01 EE 


2 4 5 6 7 8 9 A: FO 

HS:0003 10 00 00 00 00.00 00-00 00 B8 5: 
_#HS:0013 . D8 90 FA 33 CO 8E CO 01 B8 En, C.ge. 

HS:0023 8C C8 AB E8 08 00 33 EB FC Laesa pl 

HS:0033 C FF BO 00 ‘EE BA FA FF F9 FF | ili Hepes. # 

HS:0043 BA FO FF BO 01 EE BA 00 EE i Cr eae 


1 Step 2ProcStep 3Retrieve 4Help ON Menu 6 7 up 8 dn 9 le 10 ri 
83-6767A 
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SOF TWARE 


The control software, AFD-Sym, provides six windows 
on the main screen display (figure 2). 


e »PD70208/70216 registers and flags and the top four 
words of the stack 

e Command entry line 

e Offset addresses, opcodes, and disassembly of eight 
lines of the program load area 

® 80-byte memory dump area 

e@ Second 80-byte memory dump area 

® ASCII equivalent of the second 80M-byte memory 
area 


AFD-Sym controls all the monitor and debug functions of 
the MINI-IE including. uploading and downloading pro- 
grams, program execution with or without breakpoints, 
recording of trace history, disassembly, in-line code 
assembly, and register/memory display and manipula- 
tion. The cursor may be moved anywhere within the 
window displays for immediate change of the memory 
areas, registers, flags, and breakpoints. 


AFD-Sym software running on a PC requires 75K to 147K 
bytes of system memory depending on the options 
required. It may be copied to a hard disk or run directly 
from the floppy diskette. 


Emulation RAM area starting at address 0000:0 is partly 
used by the AFD-Sym monitor and the interrupt vectors. 
The lowest available user memory is indicated by the 
segment registers after reset and depends on the trace 
buffer size allocated. The AFD-Sym code in EPROM is 


located at F800:0 and the following 32K bytes are re- 


served for this purpose. 


Emulation 


User programs loaded into emulator RAM or EPROM can 
be executed in real-time or in single-step mode. Single- 
step mode executes only one instruction; procedure 
step executes an entire subroutine or software interrupt 
routine. It is possible to single-step a hardware interrupt 
handler when the associated interrupt mode is selected. 
Real-time execution is command activated and termi- 
nates. when a breakpoint is encountered or the user 
terminates execution from the keyboard. Program exe- 
cution is also stopped when an exception interrupt or an 
interrupt with an uninitialized vector occurs. 


Programs generated using NEC’s RA70320 Relocatable 
Assembler package allow symbols to be loaded directly 
with the program code. Programs produced with devel- 
opment tools that generate .EXE or .COM files can be 
loaded into the MINI-IE, but symbols must be loaded 
separately. Several symbol files can be loaded into the 
internal symbol table. The buffer used for symbol stor- 
age is allocated in the PC and can be varied in size from 
1K to 64K bytes. Symbols can be added, deleted, and 
renamed interactively. 


Break Capabilities 


Two types of breakpoints are available. Immediate break- 
points are entered directly with the execution command 
and stop execution when the instruction at the specified 
location is to be executed. The second type of break- 
point is specified in a separate breakpoint menu. 


The breakpoint entry menu (figure 3) is a second-level 
menu and can be entered by F5 key of the PC keyboard. 
The menu contains six fields: breakpoint number, break- 
point conditions, a count, number of occurrences, and 
action to be taken. 


Up to eight address breakpoints can be defined in the 
menu. They can be tagged with conditions and a count 
value (up to 65,535) for the number of times the break- 
point is satisfied. Up to eight conditions may be entered 
for each breakpoint, including satisfying other break- 
points and comparisons of register and memory con- 
tents (direct or indirect addressing modes) with those of 
other registers, memory locations, and immediate 
values. - 


The action field defines an operation or operations to be 
done when a breakpoint occurs. Such actions include 
trace on/off, analyze on/off, restart the breakpoint, 
browse through a file, turn on/off the snap feature, and 
jump to a different section of code. 


To set up the analyze mode, an address field in the 
breakpoint menu is left empty but conditions are placed 
in the condition field. Then, on enabling the analyze 
mode, the program is run in single-step mode while the 
conditions are checked. In the snap mode, the instruc- 
tion and the register values are put in the trace buffer 
when conditions for a breakpoint are met. 


Actions are performed when the occurrence counter is 
equal to a specified count. This occurrence counter is 
incremented only when all specified conditions are true. 
When emulation is to resume after a breakpoint, an 
option can be used in the GO command that will not 
reset the occur field and the trace mode. 





V40/V50 MINI-IE 


NEC 





Trace Capabilities 


The MINI-IE trace is handled in software by the AFD- 
Sym. When trace is active, the current register contents 
and the top four words of the stack are saved to the trace 
huffer, alana with the instruction that is to be executed 
in. single-step mode. Program execution is not in real 
time when trace or analyze modes are enabled. Interrupt 
routines are, however, executed in real time and are not 
recorded in the trace buffer (unless the user selects 
interrupt step mode of the MINI-IE). 


The trace buffer resides in the emulation memory and its 
size can be set from 1K to 64K bytes by the user. The 
default size of 4K bytes allows 100 records to be stored. 
Trace data, which can be displayed from the main screen 
or from the menu screen, can be shown with register 
contents or instructions only. See figure 4. Records can 
be printed or saved to a file. If symbols are loaded, they 
will be shown in the trace records. 


Figure 3. Breakpoint Entry Menu 


IX 0000 
TY 0184 
BP 0000 
SP O1FE 


PC OO1E 


HS 0220 
FS O1BB 


Defines the address of a breakpoint. 


CONNECTION TO IBM PC 


The V40 or V50 MINI-IE can be used with IBM PC/XT/AT 
or full compatibles, and on IBM PS/2. A monochrome, 
CGA, Hercules® color graphics or EGA adapter and 
corresponding monitor is required. With IBM PC/XT/AT, 
at least one expansion siot musi be avaiiabie jor use wiih 
the parallel interface adapter included with the MINI-IE. 


At least one printer port address should also be avail- 
able. IBM PS/2 models will use the system printer port 
and will require a user-provided + 5-volt dc power supply 
to power the MINI-IE. A minimum of 75K bytes of free 
memory is needed to run AFD-Sym. A hard disk is not 
required but is recommended. 


The parallel board of the MINI-IE is hardwired for address 
0278H of the PC 1/O space. A provision on the parallel 
board allows you to change the I/O address to a different 
value, and a command line switch tells AFD-Sym where 
the parallel board is located. 


With the MINI-IE board connected to the parallel board 
via the 25-line cable, running the AFD-Sym program 
initiates communications with the MINI-IE and/or the 
target system. 


Stack +0 
+2 
+4 
+6 


With '-' as the first character 


the breakpoint is inactive. A breakpoint with an empty address field 
will be checked on every break if count>0O and an action is specified 


for this breakpoint. With ‘Alt'+n 


(n=1..8) 


the address of the actual 


instruction will be stored to the corresponding breakpoint. 


Standard segment PS: 


Oo 
nw 
+ 


Break_ADR Condition 
MAIN20 
MAIN60 


ANDOU DNE 


Action 
trace ON 
TR OFF A ON 
br 


Count Occur 


ooocoorrr 


1View Trace 3Read Setup 4 Help OFF 5 CMD line 7Save Setup 9Clear BR10Clear OCC 





83-6768A 


NV. E Cc | V40/V50 MINI-IE 


Figure 4. Trace Buffer Display 





TRACE BUF FER DISPLAY 
Buffer Offset : 0 
*x* Begin of TRACE buffer ** 

MAIN2G6: AW=0221 IX=0000 PS=0221 Stack+O FFFF 
0017 CALL INITV40 BW=0000 IY=0184 DS=0220 +2 340C 
>Started by BR1 V DIR IE CW=0089 BP=0000 ES=0000 +4 0012 

0 0 O DW=FFFD SP=0O1FE SS=0200 +6 0000 

INITV40: AW=0221 IX=0000 PS=0221 Stack+O OO1A 

0022 MOV DW,FFFC BW=0000 IY=0184 DS=0220 +2 FEEFE 
V DIR CW=0089 BP=0000 ES=0000 +4 340C 

0 60 DW=FFFD SP=01FC S$S=0200 +6 0000 

0025 MOV AL,0O AW=0221 IX=0000 PS=0221 Stack+O OO1A 
BW=0000 TIyY=0184 DS=0220 +2 FEFFF 

CW=0089 BP=0000 ES=0000 +4 340C 

DW=FFFC SP=01FC SS=0200 +6 0000 

0027 OUT DW,AL AW=0200 IX=0000 PS=0221 Stack+0O OO1A 
BW=0000 [Y=0184 DS=0220 +2 FFFF 

V DIR CW=0089 BP=0000 ES=0000 +4 340C 

0 #60 DW=FFFC SP=01FC SS=0200 +6 0000 

0028 MOV DW,FFFA AW=0200 IX=0000 PS=0221 Stack+O OOIA 
BW=0000 TY=0184 DS=0220 +2 FFFF 

V DIR CW=0089 BP=0000 ES=0000 +h 3490C 

Oo O DW=FFFC SP=O01FC S$S=0200 +6 QUOD 


Use cursor keys to scroll data up and down Floor ‘<1! to return 


83 6/69A 
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Section 7 
Package Drawings 


Package/Device Cross-Reference 
18-Pin Plastic DIP 

20-Pin Plastic DIP (300 mil) 
20-Pin Plastic SOP (300 mil) 
24-Pin Plastic DIP (600 mil) 
28-Pin Plastic DIP (600 mil) 
28-Pin PLCC 

40-Pin Plastic DIP (600 mil) 
44-Pin Plastic QFP (P44G-80-22) 
44-Pin Plastic QFP (P44GB-80-3B4) 
44-Pin PLCC 

48-Pin Plastic DIP 

52-Pin Plastic QFP 

52-Pin PLCC 

68-Pin PLCC 

68-Pin Ceramic PGA 

74-Pin Plastic QFP 

80-Pin Plastic QFP 

84-Pin PLCC 

84-Pin Ceramic LCC 

94-Pin Plastic QFP 

120-Pin Plastic QFP 

132-Pin Ceramic PGA 


7-2 


7-8 

7-9 

7-9 
7-10 
7-11 
7-12 
7-13 
7-14 
7-15 
7-16 
7-17 
7-18 
7-19 
7-20 
7-21 
7-22 


NEC 


NEC 


Package/Device Cross-Reference 
Package 
18-Pin Plastic DIP 


20-Pin Plastic DIP (300 mil) 


20-Pin Plastic SOP (300 mil) 


24-Pin Plastic DIP (600 mil) 


28-Pin Plastic DIP (600 mil) 


28-Pin PLCC 


40-Pin Plastic DIP (600 mil) 


44-Pin Plastic QFP 
(P44G-80-22); 1.45 mm thick 


Device, pPD 


71011C-8 
71011C-10 


71084C-8 
71084C-10 


71082C 
71083C 


71086C 
71087C 


71088C-8 
71088C-10 


71011G-8 


71082G 
71083G 


71084G-8 
71086G 


71087G 
71088G-8 


71054C-8 
71054C-10 


71051C-8 
71051C-10 


71059C-8 
71059C-10 


71051L-8 
71051L-10 


71054L-8 
71054L-10 


71059L-8 
71059L-10 


70108C-8 
70108C-10 


70116C-8 
70116C-10 


71037CZ-10 


71055C-8 
71055C-10 


71054G-8 
71055G-8 


71059G-8 


Package 


44-Pin Plastic QFP 
(P44GB-80-3B4); 
2.70 mm thick 


44-Pin PLCC 


48-Pin Plastic DIP 
52-Pin Plastic QFP 


Device, »PD 
71037GB-10 


71051GB-8 
71051GB-10 


71054GB-8 
71054GB-10 


71055GB-8 
71055GB-10 


71059GB-8 
71059GB-10 


70108L-8 
70108L-10 


70116L-8 
70116L-10 


71037L M-10 


71055L-8 
71055L-10 


71071C-10 


70108GC-8 
70108GC-10 


70116GC-8 
70116GC-10 


Package Drawings 





52-Pin PLCC 
68-Pin PLCC 


68-Pin Ceramic PGA 


74-Pin Plastic QFP 


80-Pin Plastic QFP 


71071L-10 


70136L-12 
70136L-16 
70208L-8 

70208L-10 


70216L-8 
70216L-10 


70136R-12 
70136R-16 
70208R-8 
70208R-10 
70216R-8 
70216R-10 


70136GJ-12 
70136GJ-16 


70208GF-8 
70208GF-10 


702 16GF-8 
70216GF-10 
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Package/Device Cross-Reference (cont) 
Package - Device, uPD 


84-Pin PLCC 70320L 
: 70320L-8 


T2971 vy 


0 eee eres 


70322L-8-xxx 


70325L-8 
70325L-10 


70327L-8-xxx 
70330L-8 
70332L-8-xxx 


70335L-8 
70335L-10 


70337L-8-xxx 
79011L-8 
79021L-8 


84-Pin Ceramic LCC 70P322KE-8 


94-Pin Plastic ‘QFP 70320GJ 
70320GJ-8 


70322GJ-xxx 
7022GJ-8-xxx 


70325GJ-8 
70325GJ-10 


70327GJ-8-xxx 
—70330GJ-8 
70332GJ-8-xxx 


70335GJ-8 
70335GJ-10 


70337GJ-8-xxx 
79011GJ-8 
7902 1GJ-8 


120-Pin Plastic QFP 70236G D-10 
70236G D-12 
70236GD-16 


” 439.Pin Ceramic PGA 70236R-10 


70236R-12 
70236R-16 


71641R 


7-4 





E 


Package Drawings 





18-Pin Plastic DIP 


Item 


* 


A 
B 
Cc 
D 
F 
G 
H 
I 
J 
K 
L 
M 
N 
P 


Millimeters 
22.86 max 
1.27 max 
2.54 (TP) 


0.50 +0.10 


1.2 min 
3.5 +03 
0.51. min 
4.31 max 
5.08 max 
7.62 (TP) 
6.4 


+ 0.10 
0.25 —~0.05 


0.25 
1.0 min 


* Item K to center of leads 
when formed parallel. 


P{8C-100-300A, C 


Inches 


.900 max 
.050 max 
-100 (TP) 


+ 004 


020 ” ‘O05 
.047 min 
138 +.012 
.020 min 
-170 max 
.200 max 
-300 (TP) 
.252 


.010 


+ 004 
— .003 


.010 
.039 min 





20-Pin Plastic DIP (300 mil) 


Item 


* 


olz} = [rjAici-|[zjain| 0 Jolal> 


Nillimeters 
25.40 max 
1.27: max 
2.54 (TP) 


0.50 +0.10 


4.1 min 

3.5 £0.3 
0.51 min 
4.31 max 
5.08 max 
7.62 (TP) 
6.4 


+ 0.10 
0.25 — 0.05 


0.25 
0.9 min 


* Item K to center of leads 
when formed parallel. 


P20C-100-300A, C 


Inches 
1.000 max 


.050 max 
.100 (TP) 


+ 004 


020 _ ‘005 


.043 min 


-138 +.012 
.020 min 
-170 max 
.200 max 
-300 (TP) 
.252 


.010 


+ 004 
— .003 


.010 
.035 min 





49NR-506B 
(4/89) 





49NR-624B (11/89) 


7-5 





Package Drawings 





20-Pin Plastic SOP (300 mil) 


Millimeters 
13.00 max 
0.78 max 
1.27 (TP) 


+ 0.10 
0.40 ~0.05 


0.1 £0.14 
1.8 max 
1.55 

7.7 £0.3 
5.6 

1.4 


pn + 0.10 
0.20 0.05 


A [Sl]—-[xjOljnmm) oO jo|w 


rm 


0.6 +0.2 
M 0.12 i ; ee 


P20GM-50-3008, C 49NR-594B (9/89) 





24-Pin Plastic DIP (600 mil) 





Item Millimeters inches 
A 33.02 max 1.300 max 
B 2.54 max -100 max 
Cc 2.54 (TP) .100 (TP) 
D 0.60 £0.10 —.20 + O08 
F 1.2 min .047 min 
G 3.5 +0.3 -138 + .012 
H 0.51 min .020 min , 
t 4.31 max -170 max 
J 5.72 max -226 max 
K* 15.24 (TP) .600 (TP) 
L 13.2 -520 
M95 FATE, 010 ae 
N 0.25 .010 





* Item K to center of leads 
when formed parallel. 





i 


il 


M 0-15° 





P24C-100-600 : 49NR-592B (9/89) 
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28-Pin Plastic DIP (600 mil) 


ltom Millimeters 
38.10 max 
2.54 max 
2.54 (TP) 


0.50 £0.10 


1.2 min 
3.6 +0.3 
0.51 min 
4.31 max 
5.72 max 
15.24 (TP) 
13.2 


+ 0.10 
0.25 ~ 0.05 


N 0.25 


LO} GO JO; B]> 


2 


Alel|— 


= ir 


* Item K to center of leads 
when formed parallel. 


Lx] 


49NR-S14B 
P28C-100-600A1 (5/89) 
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28-Pin PLCC 


Item Millimeters 
12.45 +0.2 
11.50 
11.50 
12.45 +0.2 


1.94 £0.15 
0.6 
4.4 +0.2 


2.8 +0.2 


0.9 min 

3.4 

1.27 (TP) 
0.40 40.10 
0.12 

10.42 +0.20 


0.15 
0.8 rad 


+0.10 
0.20 —0.05 


P28L-50At 


40-Pin Plastic DIP (600 mil) 


Item Milllmeters Inches 

A 53.34 max 2.100 max 
2.54 max -100 max 
2.54 (TP) .100 (TP) 


+.004 
0.50 +0.10 .020 -005 


1.2 min .047 min 
3.6 +0.3 142 4.012 
0.51 min 020 min 
4.31 max -170 max 
§.72 max .226 max 
K* 15.24 (TP) 600 (TP) 

L 13.2 520 


+0.10 +.004 
0.05 010 "003 


N 0.25 .010 


=i-IZJOln; oOo {Q;a 


M 0.25 


* Item K to center of leads when 
formed parallel 


Inches 


-490 
.453 
.453 
-490 


.076 
024 
173 


-110 
.035 


"194 


.050 
.016 
.005 
410 


.006 
.031 


.008 


+ .008 


+ .008 


+ 007 
— .008 


+ .009 
— .008 


+ .009 
— .008 


min 


(TP) 
+ .004 
— 005 


+ .009 
—- 008 


rad 


+ .004 
— .002 
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44-Pin Plastic QFP (P44G-80-22); 1.45 mm thick 


‘P44G-80-22 


P44G8-80-3B4-1 


Item 


A 


B 


Item 


A 


Millimeters 


13.6 +0.4 
10.0 +0.2 
10.0 +0.2 


13.6 +0.4 


1.0 
1.0 


+ 0.20 
0.35 _9 40 
0.15 
0.8 (TP) 


1.8 +0.2 


1.0 £0.2 


+0.10 


0.15 ~0.05 


0.15 
1.45 +0.1 


0.0 +0.1 
1.65 max 


Millimeters 


13.6 +0.4 
10.0 +0.2 
10.0 +0.2 


13.6 +0.4 
1.0 

1.0 

0.35 +0.10 
0.15 

0.8 (TP) 
1.8 £0.2 


0.8 £0.2 


+0.10 
— 0.05 


0.15 
0.15 
27 

0.1 +0.1 
0.1 +0.1 


3.0 max 


Inches 


+.017 
535 _'016 


+ .008 
394 © ‘00g 


+ .008 
394 7 ‘009 


+.017 
535 _'016 


.039 
.039 


+ .008 
ike. 
006 

.031 (TP) 


.008 
.009 


.009 
.008 


.004 
~ 003 


.006 
.057 


071 


.039 


+ .005 
— 004 


.000 +.004 
.065 max 


Inches 


+017 
—.016 


+ .008 
394 — ‘oo9 


+ 008 
4 _ ‘009 


535 + .017 


— .016 
.039 
.039 


535 


39 


.006 
.031 


o71 * 
o31 * 


.006 


.006 

106 

.004 +.004 
.004 +.004 
.119 max 





Enlarged detail of lead end 


ie 


49NA-636B (11/89) 





Enlarged detail of lead end 


g |P 


| /\\ 


R 


ASNA-5S6B (1/90) 
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44-Pin PLCC 


item ches 

A 17.5 410.2 689 +.008 
16.58 653 

Cc 16.58 653 

D 17.5 40.2 689 +.008 

E 1.94 40.15 .076 +.006 

F 0.6 024 

G 4.4 40.2 -173 +.008 
2.8 40.2 -110 +.008 
0.9 min .035 min 

J 3.4 .134 


1.27 (TP) 050 (TP) 
0.40 40.10 016 +.004 


15.50 40.20 610 +.008 
0.15 .006 
0.8 radius .031 radius 


+0.10 7.004 
0.20 “yo5 98 “a2 


K 
T 


B 

H 

| 

M 

N 0.12 005 
P 

Q 

U 


1 ae eee 
moo 


~ 


P44L-5S0A1-4 
90 83YL-5804B 
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48-Pin Plastic DIP 





item Millimeters ‘Inches 
63.50 max 2.500 max 
15.24 [TP] 600 [TP} 
13.8 543 
5.72 max .225 max 
4.31 max -170 max 
3.6 40.3 -142 +.012 
2.54 max -100 max 
2.54 [TP] -100 [TP] 
1.1 min .043 min 
0.51 min .020 min 
0.50 +0.10 .020 +.004 
Be: cae 


0.25 .010 


Cc 


> 


ZTlOlnNim/olol|a 


t 

J 
K 
L 


0.25 


= 





oD) 


_P48C-100-600A 83vQ-6138B (6/89) 


— 
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52-Pin Plastic QFP 


Item Millimeters 
A 17.6 +£0.4 


B 14.0 £0.2 


14.0 +0.2 
17.6 40.4 
1.0 
1.0 


0.40 +0.10 


0.20 
1.0 (TP) - 
1.8 £02 


0.8 40.2 


0.15 tehe 
0.15 

27 

0.1 +0.1 
0.1 £0.1 
3.0 max 





PS2GC-100-3B86 


7-12 


551 


Inches 


693 +.016 


+ .009 
~ .008 H 
27 


551 + -009 


— .008 
+.016 


.039 
.039 


.008 
.039 


071 * 
031 


.006 


.006 

.106 

004 +.004 

004 +.004 : Enlarged detail of lead end 
419 max : 


g |P 


f\\ 


R 


49NR-493B (5/89) 





KF 


§2-Pin PLCC 


Package Drawings 





Item _—_— Milllmeters Inches 
A 20.1 40.2 -791 +.008 
B 19.12 .753 
Cc 19.12 .753 
D 20.1 40.2 .791 +.008 
E 1.94 40.15 .076 +.006 
F 0.6 024 
G 4.4 +0.2 -173 +.008 
H 2.8 +0.2 -110 +.008 
! 0.9 min .035 min 
J 34 134 

_K 1.27 (TP) 050 (TP) 
0.40 +0.10 .016 +.004 
0.12 .005 
18.04 40.20 _.710 +.008 


0.8 radius .031_radius 


0.20 +0.10 00g +:004 


M 
N 
P 
Q 0.15 006 
; 
v —0.05 008 _ goa. 


CHANIA ” 


fa ot ee Fe Be 


bers 


P52L-50At 83YL-5805B 
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68-Pin PLCC 


item Millimeters inches 
A 25.2 40.2 992 +.008 
B 24.20 953 
Cc 24.20 .953 
D 25.2'+0.2 — 992 +.008 


+.007 
E 1.942015 076 te 


0.6 - 024 


4737 .009 


G 44202 008 


a +.009 
H 2.8 40.2 .110 008 
| 09min. .035 min 
J ‘3.4: .134 
K 1.27,(TP _.050 P 
7 ; +.004 
0.40 40.10 016 505 


0.12 005 


+.009 
23.12 40.20 .910 ~008 


0.8 radius - 031 radius 


050: 10 08 +004 


M 
N 
p 
Q 0.15 006 
T 
v 0.05 °° ~.002° 


CASTOR 


(2/90) 
83YL-5561B 
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68-Pin Ceramic PGA 


Item Millimeters Inches 


+ .016 
A 27.94 £0.4 1.100 ~ 015 


+ .016 
27.94 £0.4 1.100 015 


1.27 .050 
2.54 (TP) 100 (TP) 


+ .012 
2.8 +0.3 A102 


0.5 min .019 min 
2.70 106 
4.57 max .180 max 


* + .008 
1.2 £0.2 dia .047 ~ '007 


. + 002 
0.46 £0.05 dia =.018 © ‘001 


0.5 .020 


Rlel—|xzy © | nimi o 


Top View 


Se ee ee 


Index Mark 
X68R-100A-1 





whale) 
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74-Pin Plastic QFP ere 


Millimeters Inches 


017 
23.2 £0.4 913 ‘016 


, S .009 
2U.0 £VU.2 . 008 


.009 
20.0 40.2 . ‘008 


017 
016 


23.2 £0.4 1 
2.0 .079 
1.0 “ "939 
2.0 .079 
1.0 .039 


+ .004 
0.40 +0.10 O16 _ ‘005 


0.20 008 
1.0 (TP) .039 (TP) 
1.6 +0.2 063 +002 


+ .009 
— 008 


+ 0.10 + .004 
-0.05 006 _ ‘005 


0.15 .006. 

3.7 146 

0.1 £0.1 .004 + .004 
0.1401 - .004 + .004 
4.0 max .158 max 


0.8 £0.2 .031 


0.15 


Enlarged detail of lead end 


ES 





S74GJ-100-SBJ-1 49NR-347B (2/90) 
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80-Pin Plastic QFP 





Milllmeters 
23.6104 


200402 


140102 


176104 
10 
0B 
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84-Pin PLCC 


Item Milllmeters Inches 
A 30.2 40.2 ~. 1.189 +.008 
B 29,28 - 1.153 
Cc 29.28 ; 1.153 
D 30.2 40.2 1.189 +.008 
E 1.94 40.15 .076 +.006 
F 0.6 024 
G 4.4 40.2 173 +.008 
H 2.8 40.2 -110 +.008 
| 0.9 min 035 min 
J 3.4 134 
K 1.27_(TP) 050 (TP) 
M 0.40 +0.10 016 +.004 
N 0.12 .005 
P 28.20 +0.20: 1.110 +.008 
Q 0.15 .006 
T 
U 


0.8 radius .031 radius 


+0.10 +.004 
0.20 6.05 008 © oo2 


aaa 
ae) 


(2/90) 
P84L-50A3-1 : 83YL-5806B 
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84-Pin Ceramic LCC 


Millimeters 


29.2+0.4 


24.0 
19.75 


29.2 +0.4 


1.28 050 
1.66 065 
3.556 


=IioOrmam™ o lala 


.004 
.005 


0.91 + 0.10 036 
0.12 .005 
1.27 (TP) .050 (TP) 
1.27 £02 .050 + .008 
2.54 +02 -100 + .008 
0.25 radius .010 radius 
19 075 

19 : 075 

3.0 radius -118 radius 
12.0 472 

0.76 corner .030 corner 


I 

J 
K 
L 
Pp 
R 
s 
T 
U 
Y 





83SL-5401B (3/90) 
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94-Pin Plastic QFP 


ltem Millimeters Inches 


23.2 40.4 913 +017 ae ae 
‘ots TFIIIB NMMAMNMMMNNMNMMNMNMNAANANN 


|HHHHHHHH AHH AHH HHHHRHHHHHE 
20.0 40.2 . tet Se e DO 
7 2 : 


+.009 
20.0 40.2 .787 ~008 


+.017 
23.2 40.4 913 O16 
16 .063 


2 0.8 03 
1 1.6 .063 
2 0.8 03 


0.35 40.10 


0.15" 
0.8 (TP) 
1.6 40.2 


0.8 +0.2 


+0.10 
0.15 0.05 


0.15 
3.7 
0.1 40.1 
0.1 40.1 
4.0 max 


Detall of lead end 


: : P (2/90) 
$04GJ-80-5BG-1 ; 83YL-5810B 
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120-Pin Plastic QFP 
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Enlarged detail of lead end 
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132-Pin Ceramic PGA 
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Locator Pin 
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FIELD SALES OFFICES 


EASTERN REGION 


901 Lake Destiny Drive 
Suite 321 

Maitland, FL 32751 
TEL: 407-875-1145 
FAX: 407-875-0962 


The Centre at Stirling 
and Palm 

9900 Stirling Road 
Suite 206 

Cooper City, FL 33024 
TEL: 305-436-8114 
FAX: 305-436-8116 


6625 The Corners Parkway 
Suite 210 

Norcross, GA 30092 

TEL: 404-447-4409 

FAX: 404-447-8228 


One Natick Executive Park 
Natick, MA 01760 

TEL: 508-650-4100 

FAX: 508-655-1605 


EASTERN REGION [cont] 


2525 Meridian Parkway 
Suite 320 

Durham, NC 27713 
TEL: 919-544-4132 
FAX: 919-544-4109 


200 Perinton Hilis 
Office Park 
Fairport, NY 14450 
TEL: 716-425-4590 
FAX: 716-425-4594 


300 Westage Business Center 


Suite 280 

Fishkill, NY 12524 
TEL: 914-897-2101 
FAX: 914-897-2215 


Two Jericho Plaza 
Jericho, NY 11753 
TEL: 516-932-5700 
FAX: 516-932-5710 


EASTERN REGION [cont] 


One Windsor Plaza 
One Windsor Drive 
Suite B101 
Allentown, PA 18195 
JEL: 215-59 i-9094 
FAX: 215-391-9107 
CENTRAL REGION 


1500 West Shure Drive 
Suite 250 

Arlington Heights, IL 60004 
TEL: 708-577-9090 

FAX: 708-577-2147 


201 E. Big Beaver Road 
Suite 350 

Troy, MI 48084 

TEL: 313-680-0506 
FAX: 313-680-1015 


1550 East 79th Street 
Suite 805 

Bloomington, MN 55425 
TEL: 612-854-4443 

FAX: 612-854-1346 


CENTRAL REGION [cont] 


1105 Schrock Road 
Suite 515 

Columbus, OH 43229 
TEL: 614-436-1778 


TA. R44 ANA ATO 
TAA, Uren inuYs 


30050 Chagrin Bivd. 
Suite 320 

Pepper Pike, OH 44124 
TEL: 216-831-0067 
FAX: 216-831-0758 


16475 Dallas Parkway 
Suite 380 

Dallas, TX 75248 
TEL: 214-931-0641 
FAX: 214-931-1182 


12777 Jones Road 

Suite 196 

Houston, TX 77070 
TEL: 713-955-2191 

FAX: 713-955-2198 


WESTERN REGION 


Two Lincoln Center 

10220 S.W. Greenburg Road 
Suite 125 

Portland, OR 97223 

TEL: 503-245-1600 

FAX: 503-245-3716 


WESTERN REGION [cont] 


Encino Office Park Two 
6345 Balboa Blvd. 
Suite 240 

Encino, CA 91316 

TEL: 812-249-2119 


FAX: 818-342-0842 


200 E. Sandpointe 
Bidg. 8 

Suite 150 

Santa Ana, CA 92707 
TEL: 714-546-0501 
FAX: 714-432-8793 


14001 East Iliff Avenue 
Suite 411 

Aurora, CO 80014 
TEL: 303-755-6353 
FAX: 303-755-6728 


NORTHERN CALIFORNIA 
REGION 


401 Ellis Street 

P.O. Box 7241 

Mountain View, CA 94039 
TEL: 415-965-6200 

FAX: 415-965-6683 


NEC 
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